54sT>k, HZ siS£ 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
fotemsnonit Bureau 




INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Cnwafflcrtlon 6 : 

C12N 15*54, 9/12, A01K 67/B27, A61K 
4MM, C12N 15/62, C07F 7/18, C12P 
7/64, A01K 67/33, CUP 900 



A2 



(11) Internationa! Publication Number: 



-MO 97/40173 



(43) International Publication Date: 30 Qettber£i997 (30. 10.97) 



(21) International AppBcanoa Number: PCIYUS97/05573 

(22) International Fthng Date: 3 April 1997 (03.04.97) 



(30) Priority Data: 

60/015,387 
60017,693 
60/033,470 
08/832,571 



4 April 1996 (04.04.96) US 

14 May 1996(14.05.96) US 

19 December 1996 (19.12.96) US 

2 April 1997 (02.04.97) US 



(71) Applicant: CHIRON CORPORATION [US/US]; 4560 Horton 

Street, Emeryville, CA 94608 (US). 

(72) Inventors: KUPPEL, Anke; 20578 Crow Creek Road, Cas- 

tro Valley, CA 94552 (US). KAVANAUGH, Michael; 205 
Laverene Avenue, Mill VaDey, CA 94941 (US). HARRI- 
SON, Stephen, D^ 1369 Francisco Street. Berkeley, CA 
94702 (US). WILLIAMS, Lewis. T4 3 MtraHofcs Lane, 
Tiburon, CA 94920 (US). 

(74) Agents: OUTH Joseph, R et at; Chiron CoffMration, Intellec- 
tual Propen>R440, PO. Box 8097, Emeryville, CA 94662- 
8097 (US). 



(81) Designated States: AU, CA, IP, Eun>pc*rp«tm (AT, BE, 
CH, DE, DK, ES. FL FR, GB. GR t JETtT, LU, MC, NL, 

PT. SE). 



Published • "™~ 

Without international search report aMu> be republished 
upon receipt of that report. 



(54) Title: PI 3-KINASE FUSION MUTANTS AND USES THEREOF — - 

(57) Abstract ./ h- 

Potynucleodde constructs encoding growth factor independent catalyttcaliy active membrane targeted PI 3-ktease mitants useful for 
Aesapeuuc and research purposes ate described, lo addition, a method for using the polyiiudeodde constructs to screen for inhibitors of 
PI 3-kmase, a method for making 3' phosphorytated inositol phospholipids, methods of reducing cell death after tmHna. and methods of 
overcoming insulin resistance are described. 



K OR THE PURPOSES OF INFORMATION ONLY 



Codes 



us* to identify States party to tfie PCT on the 



front pages of pamphlets publishing 



international applications under the PCT. 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BC 

BJ 



Albania : 

Anaeiua 

Austria ' ^ 

Australia 

Aaefbtijaa 

Batfcado* . 



Soua 



Bcnil 



BY 


Bdana 


CA 


Canada 

CditrtlAfcicwR«pu«»c 


CF 


CG 


Congo 


CH 


SwttxerlfiMl 


a 


Cowdivoke 


CM 


Cameroon 


CN 


dm* 


CU 


C«k» 


CZ 


Ci«h Repoblk 


DC 




DK 


Denmark 


BE 





n 

FR 

CA 
GB 

GB - 

GH 

GW 

CR 

HU 

IE 

It 

IS 

IT 

JF 

KB 

KG 

KP 

ka 

KZ 
LC 
U 
LK 



Gabon 

UnM Ktucpom 

Gcagia 
Ghana 
Gtiiaca 
Gieeec 
Hungary , 
Ireland 
Israel 
' Iceland i'- '" ; 

kaly 
. Jt0*n 
Kenya 

Kyfgy»«» 
Wcntic Ptbpfc» 
llepiiWkcrflCortt 
Republic of K**a 
lUsafcitan 
Saint Locia 



Sri Lanka 
Liberia 



LS 

' LT' 
LU 
LV 
MC 



Lc*orho 
Lwiesitotfi 

Latvia 



Rj^ieofMoWov. 



MG 


Madagascar 


MK 


The foonet Yugoslav 




Replied Macedo* 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


MX 


Mexico 


NB 


Niger 


NL 


Hetheftands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


TV ? 


, • Pomist ■ 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


sc 


SiagapOK 



St 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TO 


Ctad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Tafkrncotsun 


TR 


Toritey 


TT 


TriaidadandTobato 


UA 


Ukraine 


UG 


Uganda 


US 


Uated State* of Amenta 


MZ 


Uzbekistan 


VN 


Viet rum 


YU 


Yugoslavia 


zw 


Zarnbabwe 



WO 97/40173 PCT/ D8Sggg S73 
PI 3-KINASE FUSION MUTANTS AND USES THEREOF 




General Pescription 

Field of the Invention 

This invoition provides polynucleotide constructs encoding constitute 

5 membrane-targeted PI 3-kinase mutants, methods for making polynucleotide conSracts, 
an in vivo method for screening for inhibitors of PI 3-kinase using the construcg^use of 
the polynucleoide constructs to prevent cell death, or to restore insulin responsiveness in 
type II diabetes, use of the polynucleotide constructs to express PI 3-kinase mutants that 
generate 3' phosphorylated inositol phospholipids, and use of these phospholipids^* 

10 prevent cell death. -silll 

park^inri nf the Invention 



Phosphotidylinositol (PI) 3-kinase, both a phospholipid kinase, and a protein 
serine/threonine kinase, is implicated in certain oncogenic or mitogenic responses. JSee 
Carpenter et al.. MoL Cell. Biol. 7J: 1657- 1665 (1993), Cantley et aL, Cell 6V^8l3o2 
15 (1991), Escobedo and Williams, Nature 355:85-87 (1988), and Fantl et al. 
423(1992). It is an mtraceUdar hetenxlm^ 

(p85), and a 1 10-kDa catalytic subunit (pi 10) that is stimulated by growth fectonpSee 
Whitman et aL, Nature JJ2:644-646 (1988). The p85 subunit contains several domains 
and links the catalytic subunit to activated growth factor receptors. The cDNA fqrthe 
20 pi 10 subunit has recently been cloned and expressed in insect and mammalian sygems 
as described in Hiles et ck t Cett 70*419-429 (1992). The general structure andAnggten 
of PI 3-kinase, including analysis of the stnicture and function of its subunits p85jmd 
pi 10, are described in Klippcl et at, MoL Celt. Biol /J:5560~5566 (1993), andjgfl 
Klippel et a!., MoL Cell BioL 7*2675-2685 (1994). ^ 



25 The p8S subunit of PI 3-kinase has several domains, including a 200 amino acid 

region of p8S located between the two SH2 domains. This domain, called the intei^SH2 
or iSH2 domain, has been found sufficient to promote interaction with pi 10 in vivo with 
activity comparable to that of full-length p8S. See Klippel et at., MoL Cell. BioT^ 



75:5560-5566 (1993). Additionally, a complex between a 102 amino acid segment of 
30 p8S and the pi 1 0 subunit has been, found to be catalytically active, as described in and 
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Klinoel el al. Mot. Cell. Biol. 14: 2675-2685 (1994). 

l ^U,^«» d >^ ,te0fP13 - ki, '' Se " CU, * i0 ° taWbeenC0 

from such knowledge and use of PI 3-kinase to control oncogenesis or nutogenesis, 

treating type II diabetes. 

^nmmnTV *f th ? Invention 
S ™'tone^^ 

„U0 subunit of PU-taa* pinfeed* anacW » « cell membrane targcung 
5 Luenc* Mc^specMy.theinv^ 

, ■ beta attach* to the tW 

farnesylation amino acid sequence. 
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to trauma, by adminis tering to the cell a viral or non-viral vector including a_ 



polynucleotide sequence of the invention, or by administering a 3' phosphorylation 
inositol phospholipid to the cell. Another aspect of the invention is a method ofrffe 
promoting activation of an insulin signaling pathway by contacting a cell chara cteriz ed 
by insulin resistance with a vector having a polynucleotide sequence of the invasion- 

Brief Description of the Drawings tip 

FIG. 1 is a schematic representation of polynucleotide sequences used in the 

Examples. 



Detailed Description 

10 All patents, patent publications, and scientific articles cited herein are J 

incorporated by reference. 



The Polynucleotide Constructs - '^S 

Provided here are polynucleotide constructs encoding constitutively activeTorms 

IS of PI 3-kinase mutants. The polynucleotide constiucis encoding PI 3-ldnase fusion 
mutants are capable of inducing PI 3-kinase dependent signaling responses that aj|r 
higher than those previously achieved with an equal or greater concentration of other PI 
3-kinase mutants, due to the addition of one or more membrane targeting sequels!: 
The term "PI 3-kinase mutant" or "PI 3-kinase fusion mutant" is a polypeptide sequence 

20 that differs from the native, full length PI 3-kinase sequence. Fusion mutant refers to a 
sequence encoding a-P-I ^kinase sequence or portion of a PI 3-kinase sequence 
(including, for example, fused portions of PI 3-kinase submits) fused to a cell membrane 
targeting sequence. PI 3-kinase is described in Kapeller and Cantley, Bioessay? [6:565- 
576 (1994), and in Stephens et al, Biochim. Biophys. Acta. 117921-15 (19931 -_I5e 

25 pi 1 0 subunit of PI 3-kinase can be used to make the fusion mutants, includin g alk ali or 
a portion of the p85 subunit In addition, single or multiple deletions, substitutions or 
additions of nucleic acids can be made to the pi 1 0 or p85 sequences, and the conduct 
can be tested for retention of the desired function as described in Examples 2, 3. and 6 
below. PI 3-kinase mutants of p85 are described, for example, in Klippel et al., /Jt>L and 

30 Cell. Bio. 7*5560-5566 (1993) and mutants of pi 10, including pi 10», are described, for 



3 
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r«» 65 75-82 (199.). It is - »» <W-* «— «" n,,n,b,:r 

2«*. or mu- of fc P' '0 «*■* *+ " mUUipk 

«coression is targeted to the cell membrane. 

i^S-*---*--"• ,^lte * i,<,l- "; 

Z^sl^^H 2 d^n( i SH 2 ) to ^.eofb^*ep" 

4 0,-such » fcion moke* is pi 10> descnbed fata. «M 

s»bun>t. An example o^ft a ra. ,„„ Mnta inuie a caalyUcally active. 

i^^fetheiSlCdomciinofpSSjntosconsttuOconta.nmgaca y , „ 

,„corp«a«s 248:100-102 (1995) To thtsfwon 

pllOsiibiiiut,descnbe<lmHu«oi.,K«n 

. .. ii^l^tanKtingsequenceorseqvien^ 

30 _ • kinase activity, including, tor 

1 1 n^ived PI 3-kinase mutant that retains pi 10 kinase aum y, 



10 



20 
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including but not limited those described in Klippel et al., MoL Cell Biol. /J:5S&B6 
(1993), Klippel etal.. MoL Cell Biol. 7*2675-2685 (1994). The PI 3-Jrinasc mutant can 
also be a constitutiveiy active PI 3-kinase mutant such as pi 10* which can be ~ # 
constructed as described in Hue/ al.. Science 268: 100- 102 (1995). PU0* include? the 
additional p8S derived sequence iSH2. The membrane targeting sequences for"^ 



attachment at the polynucleotide level (Le. at the 5! or 3 1 end) can include scquetiis 
encoding myristoylataon or famesylation and palmitqylation sequences. GenersU^rthe 
femcsylation and palraitoy lation sequences are used together at the same end o£f& 
polynucleotide sequence that is to be targeted to the membrane. 

The PI 3-kinase mutants expressed fix>m the polynucleotides of the invention 
promote M €c^tudve ^yity^^ch iiefats.^ the ability of the PI 3-kinase mutSto 
catalyticaliy activate dowoAgam effectors in the absence of growth factor stimiQon. 
Thus, She fusion mutants demonstrate a growth factor independent induction of the! 
downstream effectors of PI 3-lunasc activity, or a catalytic activity, including bgljK* 
15 limited to, for example, induction of pp70 S6 kinase and AKT kinase activities^ ;«jr" 
generation of active phosphoinositol 3 f phpspl^>rytated phospholipids. These improved 
membrane targeted PI 3-kinase mutants have increase utility: with only a small amount 
of mutant, in the absence of growth factor, greater amounts of PI 3-kinase catalytic^ 
activity are demonstrated. ; 

The cell membrane targeting sequence of the fusion mutant can be any sequence 
that targets a protein to the membrane of a cell TTiepoljmucleotide constnicts ofSe 
invention have a nucleotide sequence encoding <*U membr^^ 

attached to the 5' or 3'end^f the pelyni^lcotide construct In the expressed pn|pns of 
^ invention, the membrane targeting sequence thus may be located at the N-terramal or 

25 ' die C-terminal end. Also, membrane targeting sequence may be encoded in the - r 
- polynucleotide sequence that encodes the mutant or a polypeptide cell membranel^ 
targeting sequence may be added to the expressed mutant at the N or C terminus by post 
translational modification. Exemplary membrane targeting sequences include , ^ 
myristoylation sequences, such as those described in Buss et al, Science 243:160^33 

30 (1989), Kaplan et al., PNAS USA «:3624-3628 (1 990), Schultz et aL. Science 22ZA27- 
429 (1985), sad Deiehaite etal, MoL Cell Biol &4295-301 (1988), and famesyJajjp 
sequences and a palmitoylation sequences, such as those described in Cadwaliadcr«r al.. 
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either a pamu ? . . . fame svlatjon sequence is denvcd) 

„„„ H^ndine on the protein from waich tl* !amcsyiauon ~ H 

25 sequence. j ,™„ -vnression of the polynucleotides 

I, 
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sequence cited, 95% amino acid sequence identity to the native pi 10 sequence, and 90% 
amino acid sequence identity to the native myristoylation sequence. 



The polynucleotide constructs are made by first constructing the pi l&Sgip 



polynucleotide sequence. To the pi 10 subunit-derived polynucleotide sequence ji^added 
5 a cell membrane targeting modification. Alternatively, a p8S derived polynucleotide 
sequence can be attached to the pi 10 subunit sequence, for example using a linkeut the 
5' end of the pi 10 sequence. To this fusion a membrane targeting sequence can then be 
attached. In all cases, attachment of nucleic acid sequences can mean fusion o r l igation, 
for example, using standard molecular biology techniques. The cell membrane targeting 

10 sequence can be encoded in a polynucleotide sequence that is attached to the ^ 
polynucleotide sequence encoding the sequence that it will modify. The membrSne 
targeting sequence may also be a sequence added to the mutant polypeptide afterjbe 
polypeptide has been expressed, such as, for example, a lipid moiety or lipid .^S: 
modification of the expressed polypeptide, or an expressed cell membrane targeting 

IS sequence. The membrane targeting sequence, whether encoded in the polynudeotide, or 
whether added after translation of the polypeptide, may be attached to the mutant any 
position in the mutant that will target the mutant to a cell membrane. 

These and all other polynucleotides of the invention can be assayed for function 
as described in Example 3 below. .^.^m^- 

20 Polynucleotide constructs can be made for the expression of fusion mutants with 

regulatable activity include the coding region for the respective molecule downstream of 
a CMV of SRa promoter and a viral translation initiation region. The pi 10 coding 
region can be attached « its 5* termintls to a mutant form of the regulatory domai^of the 
mouse estrogen receptor, as described in Example S. The regulatory domain of the 

25 mouse estrogen receptor comprises amino acids 28 1 to 599 and can be preceded by two 
or more glycine residues at the junction to the pi 10 sequence to provide for flexibility 
and for proper folding of the individual portions of the chimeric molecule. The estrogen 
receptor portion carries a mutation, GR525, which provides for the following 
characteristics: the GR525 mutation renders the fusion protein tightly dependent on 4- 

30 OHT and totally unresponsive to estrogen. These characteristics ensure a tightly^ 
regulated, nonleaky, induction cf PI-3 kinase activity in response to 4-OHT. ^ 

On the same polynucleotide construct, can be located a TATA box domain and a 
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vitally derived tnurslation initiate, site. The uanslationiu initiation don-in can be. for 
example derived fc«tein-d^»»^d^^'teSV40h«eT-«i«» 
regulatory regions or fitom the Herpes Simplex thymidine kinase regulatory regions. 
These sequences cm then be followed by the polynucleotide sequence encodrng 
5 ro ,y„«le^dernu«oftem»em«»n: Exp««on ensues ta an indudble fashion much 
as described in Litdewood el at. Nucleic Acids Research 23:1686-1690 (1995) with the 
additional advantage that the mutimt is efficiently translated to result in . funeuonal 
kinase mutant As far as these inventors are aware, efficient expression and transuttton 
of PI 3-kinase or of PI 3-kinase mutants has not been achieved prior to tlus, and is 
10 advaaageouslyacinevedustagthe 

A polynucleotide construct for inducible expression of a mutant PI 3-kinase is 
also included in me invention. The construct includes a polynucleotide sequence 
encoding the following domains described 5 ' to 3 V. binding site for a repressor proKm. 
a TATA box, a viral sequence sufficient for efficient initiation of tr.nsUtt.on, and a 

,5 polynuc^seouer^.^^ 

i^iblyexpressu^polynudeotidesofu*^^ 

me resulting ac»»«ed pau,v*ys. The polymKjeotide consul of the mducbl. 
expression systtm c* ha™ a binding site mat am bM.chinKric^intavmg.DNA 
W^domamofare^sor^teinan^^ 

M ^^.erm-Vep^rprotan-refmtottatcU^ 

.binty „ bind DMA and alter tianscnption, and by the repression of tianscnption ma. 



results ftom mis binding. .Kepressotprotems include, for example, me lac ^esso. & 
^^sequencesufficientforiri.^^ 

polynucUotide sequence identified m a viral genome to < """f * of 
ZLon,aMvmic^beenid^^^ 
t^onofvindp^insandwhi^ 
M p^tofacilit^initia^ Sueh.regron^, 
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isolated from plasmid pCG, described in Giese et al., Genes and Development 9:995- 
1008 (1995), which is a pEVRF derivative, described in Matthias et al. NudefcXcUk 
Res. (1989) 77:6418. Other such viral initiation of translation regions exist, including for 
example, the SV40 vims large T antigen initiation of translation region. The term! 
5 "transactivating domain** as used herein refers to the domain of a gene regulatoiy protein 
such as, for example, those gene regulatory proteins described in Molecular BIOLOGY 
OF THE CELL, Alberts et o/ed., Garland Press, Ne>y York, pp. 407, 420-426 (1994), also 
including, for example, the transacti vating domain of VP1 6 as described in Gossa et al. 
Science 268: 1766-1769 {1995). This domain of the gene activator molecules have the 

10 ability to activate transcription, In a preferred embodiment the transacti vating domain 
can be VP 1 6; the binding site can be a multimer, the DNA binding domain can have 
binding sites for Tel »i Lac, and the repressor protein can be Tet or Lac. ■V"'f^f 

The polyniiclectide^ once designed, can be constructed 

by standard recombinant DNA technology and jnanipulation. For example, rjSgr 

15 polynucleotide constructs having deletions, mutations, substitutions, fusions, an dgy hich 

otherwise encode polypeptide variants, derivatives, mutants, analogues, or chimeras can 

_. — ^ 

be constructed by conventional techniques of molecular biology, microbiology, and 
recombinant DNA technology that are within the skill of the ait. The polynucleotide can 
be placed into a vector construct that directs its expression. The vector construct must 
20 include transcriptional promoter elements), and preferably includes a signal that directs 
polyadenylation. In addition, the vector construct must include a sequence which, when 
transcribed; as . operably linked to the sequence(s) or gene(s) of interest and acts as a 
translation initiation sequence. ^ v , v : „ , _ >v*sw 

Such techniques for polynucleotide and polypeptide construction and expression 
25 are explained fully in the literature, for example in Sambrook, et al MOLECULAR 
*- : CLONING; A LABORATORY MANUAL, SECOND EDITION (1989); DNA ^ 
CLONING, VOLUMES I AND II (D.N Gjover ed. 1985); OLIGONUCLEOTEffi 
SYNTHESIS (MJ. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D-iimes 
& SJ. Higgins eds. 1984); : TRANSCRIPTION AND TRANSLATION (B.D. Hames & 
30 S J. Higgins eds. 1984); B. Perbat A PRACTICAL GUIDE TO MOLECULAR 

: CLONING (1984); the seri^,~METHO©S ENZYMOLOGY (Academic Press, Inc.). 
1 4 Further, sequences that encode the above-described genes may also be synthesized, for 
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^mple, on an Applied Bios^ns inc. DNA syn*esi*r (,,., ABI DNA synthesizer 
model 392 (Fosfcr City. CaUfomi.)). Additionally. 4k polynucleotides can be 
coasmeui .nd cloned as described in PCR PROTOCOLS, Cold Spring Habor, NY 

,991 Thedesiredgenecanalsobeisolatedlromce^^ 
5 using ptenol^o". PCR of cDNA, or genomic DNA. The gene of interest can also 

beprc^synfteri^y.^^cloned.^describedm 

<„„) N an4*«.(..Sc«nc e MJ:12»9(1984>,^Ja»«*J.*WC*m«P:6311 

(198 4) Additionally, variarionsof any polynucleotide or polypeptide can be made by 
conventional techniques, including PCR or site^toctcd mutagenesis. The DNA 
10 constructs so synthesized can be U g^«o a ne»pre S sionpl»smidcon«. m gan 
.ppropriateprc^erforexpress^^ Tbeh0S ' 
system can be to wire, in v/vo or ex viva 

The polynucleotides of the invettucn can be used to transform host cells and can 
mus be expressed in these cells. Host cells t^opnate for this transfer.**,* include 

syaem s described in WO 967357*7. The polynucleotides can be used to sUbly 
mnstom cells in order to construct stable cell lines. 

T fr . pt^ohoiipf f ar- 1 M-thods for Mafcint Than 
The invention provides a method for making » 3' phosphoryWed inosttol 
20 phospholipid**™. .ns^on.ofm.me^veridescc.tamingPWkmase 
phospholipid substrates, including for exann* pl»spha«>'»»»<» 1 ^ 
p^splt^ylincait^^ 

(PI4 5P It ) are incubated with a PI 3-kuase muumt to generate 3" phosphoryuued mosttol 

p,K^.ipidprc4uc,sf™«^^ 
25 .nthep^cuu^^subsu^prisesp.^^^ 

bisphospha* (P.4.5P,,), the 3' phosphorylated inositol phospholip* general * 
pno.ph.tidylinositol 3,4.5 trisphosphate (P13.4-5P,.). .n*isparUcuUrcasc»e 
phosnhaudyBtt.si.o. 3,4.5 trispho^^ 

30 inord^generaK^sphaUdy^^ 

Llecud. .PisdescribedinEgan-/. **.«*45r» 09,3), Zhang**. 
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Natl Acad ScL USA P2:4853-4856 (1995), and Yoik et aL J. Mol Biol 2J£584£89 
(1994). 

Thus* the invention includes a method of making a 3 * phosphorylated inositol 
phospholipid comprising contacting a polynucleotide sequence of the invention with a 
PI3 kinase substrate selected from the group consisting of phosphatidyl inositol 
phosphatidyl 4-phosphate (PI4P) and phosphatidylinositol 4,5 bisphosphate (PI4£p 2 ), 
and isolating a Y phosphorated inositol phospholipid. Another aspect of the inwntion 
is that the 3* phosphorylated inositol phospholipid phosphatidylinositol 3,4,5 T ^ 
trisphosphatc (PI3 ASPi,) is isolated In some circumstances it may be to advantage 
contact the phosphatidylinositol 3,4,5 trisphosphate (PI3,4,5P 3f ) with a signaling4nositol 
polyphosphate 5* phosphatase (SIP) polypeptide to facilitate isolating 
phosphatidylinositol 3,4 bisphosphate (PI3,4P if ). 

Treatment of PI3A5P? with the inositol polyphosphate 5* phosphatase S^feads 
to activation of Afct in vitro.. This activation can thus be used as an assay to indicate 
whether the 3,4 inositol polyphosphate has been synthesized, and is described fa more 
detail below. 

The most effective way of making 3* phosphorylated inositol phosphohptdfis an 
intracellular method. A cell is transformed with a polynucleotide construct of the ~ 
invention, and this host cell is used to express the polynucleotide and generate 3 rj|> 
phosphorylated inositol phospholipids from substrates naturally occurring in the cSdl. 
Because there is an excess of these substrates in cells* a constitutively active mutant such 
as embodied in any of polynucleotides of the invention will generate a large amount of 3 1 
phosphorylated inositol phospholipids Ss compared to cell expressing native PI 3-kinase. 
These phospholipids, so generated, can be isolated or used within the cell for purposes 
such as those described herein. . - 

Use of Ac Polynucleotide Compositions 

The cell membrane targeted polynucleotide fusion mutants of the invention are 
useful for many applications. The polynucleotide constructs are useful in a research 
context for identifying and studying cellular processes by PI 3-kinase, without the wed 
for prior growth factor activation. The use of polynucleotide constructs of the invention 
facilitates testing whether PI 3 -kinase, activation alone is sufficient for the induction of a 

K 



PCT/US97/0S573 

WO 97/40173 

Si8Mli °^ing even* U* c* be teaed for depends on PI 34b. «**■» 

S ecr«».n, ncuuophU J****—, cell migraaon, *~e 

^ifr***** ^ng.^cresouc ontogencs, «d 

oncogenesis. . 

manner. This inauciDie ^ ;«i«mod a/ 

ttLt 1690 (1995). and the 5 ' <**"°* MMla,i0n ira " a " 0,, "* ° 1 
WXR 25:1686-1690(1995). ..^iweotides of the invention. The 

accompli* anlndncible expresaon of any of the polynoc! 
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viral translation initiation site can be derived from, for example, the Herpes Simplex 
virus thymidine kinase (TK) gene or the S V40 virus large T antigen gene. 
Finally, the invention provides a method for screening for inhibitors of PI 3-kinai|using 
a transgenic fly expressing a polynucleotide of the invention under the control dfijh eye 
specific promoter. The eye tissue specific expression of the PI 3-kinase mutant r^ults in 
a morphological change in the eye of the fly^ This variant morphological changtCan 
revert to a wild type morphology upon administration to the fly of an inhibitorof PI 3- 
kinase. The transgenic fly screen for inhibitors of PI 3-kinase can be used as a prfinary 
screen for inhibitors of PI 3-kinase, or as a secondary screen for inhibitors that appear to 
inhibit PI 3-kinase ip an in vitro or cell-based assay. ^t^. 

The cell membrane targeted polynucleotides of the invention may be uscdm a 
transgenic assay to screen for { inhfl)itors of PI 3-kinase activity. The screenin g jjgy is 
conducted by feeding the fliesibod containing a candidate inhibitor. If the inlubOor is 
functional, the eye morphology reverts from mutant to wild type. The candidate® 
inhibitor can be a small molecule, including a small organic molecule, a peptide, :*E 
peptoid, a riboryme or an antisense polynucleotide, for example. This screening^ssay 
can be applied to screening for inhibitors of any kinase capable of generating a mpftnt 
phenotype when expressed m the eye tissue jpqder cpntrolqf an eye-specific promoter. 

Another embodiment of the invention i$ a method of screening for an inhibitor of 
PI 3-kinase activity by providing a transgenic insect expressing a polynucleotide ^f the 
invention unde? the control of an eye-specific promoter, resulting in a mutant ey^jl L 
morphology, administering to the transgenic insect a candidate inhibitor, and identifying 
a functional inhibitor by -a reversion of the eye morphology to normal upon - - '4^ 
administration of the inhibitor. . This method can include the condition where the insect is 
a fly, and where the: fly is Drosophib melanogaster. The mutant eye morphologyin the 
fly is rough tye. The candidate inhibitor can be a polynucleotide (for example a 
ribozyme or an antisense molecule), a polypeptide (for example, an intra-body orl? 
intracellular antibody), a small molecule, a peptide, or a peptoid. . 

Another embodiment of the invention is a transgenic fly containing a transgene 
comprising^ polynucleotide of the invention under the regulatory control of an eye 
specific promoter* fqrexample a sevenless or a GMR promoter, as described in Hay el 
at; Development «&2121-9 (1994). The inhibitor is fed to the fly throughout the third 

13 ~. 
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ta^bml development. Such S t^msg« 0 kfly<=«.l«■>»<''=ft«» ^, ' M ^ W '' , 
melanogostcT- The Drosophita is tnuisfotroed with the transgene using standard 
u^oues. and the «nsga»c fl, is fed inhibitor throughout the third inaar larval 
development Transgenic control flies a^«« fc* wWch th* inhibitors are ineffecuve 

An effective inhibitor reverts the rough eye phenotype t» normal upon adrnuustratton. 
The rough eye tod other such aberrant morphology can be detecuai under a dissecung 

(.995) Thi.^h«*-^'>^"^^ i,U " i, ** i,0 "' h-rcV " 

,0 eye phenotype must also possess addiBor*rnr*r>«m F ^e S required of. PI 3- 
tos. inhibhing ptarmaceuticd including mat the inhibitor must be able . enter cens, 

have been previously identified by othermeans. 
,5 Ttep^leoSteoftheinventim^^ 

con^ofu^^^^^^^^^'^^^f^ 

below Thepolynucleouteofthemvenuonarealsousefal for tteaung type II dtabeK* 

^.oproduc^toinsulin.^ 

tissue to do so. 

pUO^ved polynucleotide^. ThisobservAnsupporB^vtewu^AeB 
phosphor inositol phospholipid products medial P. ^induced stgnalutg 

Iponses. However, as F. 3-fcn*. ■» «- --«* «- ' " 
lipids tod proteins. -observe the P^sphotylanon of pbosphohptds . 

30 isolation was therefore devised. o -r pk orPKB) 

M 
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Akt expression vectors with pi 10* results in increased levels of Akt activation, Akt 
contains a plcckstrin homology (PH) domain, and PH domains have been ^ m p|fe ilfrd in 
the binding of phospholipids and in the regulation of Akt activity, as described iivL 
Burgering et at., Nature 3?6: 599-602 (1995) and Harlan et aL, Nature 377: 16gjg 
(1994). By stimulation of intracellular protein kinase activity of Akt using purified 
pi 1 0*, it can be shown that this response is selectively mediated by the 
phosphatidylinositol product PI3,4P2 and not by pi 10* protein kinase. 



The assay comprises the steps of incubating a polynucleotide sequence of the 
invention with phosphatidylinositol 4 phosphate (PI4P) or phosphatidylinositol 4,5 
10 bisphosphate (PI4,5P 29 > to generate a 3 * phosphory lated inositol phospholipid comprising 
phosphatidylinositol 3;4 bisphosphate (PI3,4P 2 ,), or phosphatidylinositol 3,43" 
trisphosphate (PI3,4,5Pj,); incubating the phosphatidylinositol 3,4,5 trisphos 




(PI3,4,5Pj,), with a signaling inositol polyphosphate 5' phosphatase (SIP) polypeptide, 



collecting phosphatidylinositol 3,4 bisphosphate (PI3,4P 2> ), and contacting an active 

15 polypeptide having a pleckstrin homology domain with an effective amount of the; 
phosphatidylinositol 3,4 bisphosphate (PI3,4P 2i ). The enzyme effector of PI 3 kinase 
having a pleckstrin homology domain can be, for example, Akt kinase, one of several 
guanine nucleotide exchange factors, one of several GTPase activating proteo^Sid any 
other PH domain containing enzymes. . 

20 The use of inositol polyphosphate ? phosphatase SIP (signaling inositol ; 

polyphosphate 5* phosphatase) converts the "inactive" (with respect to Akt activation) 
phospholipid product of PI 3-kinase, PI3,4,5P3, into P13 9 4P2 that can stimulate Akt. 
Thus, the assay is useftilto make P13,4p2 . and to show that PI3,4P2 is a spedfic^ 7 
membrane-bound product of PI 3-kinase (and perhaps also a product of SIP) that can 

25 directly activate PH domain-containing cytoplasmic signaling, molecules. The protein 
SIP and nucleic acid encoding it is described in patent application Serial No. 08/624,190 
fded March 28,1996'. - ^ ; A 

By developing this assay, the inventors have developed a method of activating an 
enzyme effector of PI 3-kiiiase that has a pleckstrin homology domain, such as, Akt 

30 kinase, a guanine nucleotide exchange factor, GTPase activating proteins, or ~ : 

phospolipases. Also the method is a method of making the activating phospholipids. 
Once the phosphatidylinositol 3,4 bisphosphate(PI3,4P 2 ,). is made, a sufficient amount 

' 1ST 
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of Uis pU^i.c«^^a»^ki^I»lyP^'»™g.pl K toin homology 

doMdn.fbr^KAktld^u.^^^^^ 8 "^- A ^« 10n 
of Akt kinase is measured as described in the Example 6. 

Using this method we determined that PI3.4P2, but not P13P or PI3,4,5P3. 

.staining vesicas in vtoo using P.10* polynudeonde coratnKts and subsequently 
abating immobilized Ala, and by generating P13.4P2 by treating pi lO'-produeed 
TO 4JP3 with the inositol polyphosphate > phosphate SIP .» ri.ro. pi 10> M not 

Ispholipid vesicles, because no Ak, ph<«phor,Won was deleted in me presence of 

Lnditiou, 1 *po»bi.i,y.ha,.*p.lO-p B >.em^ 

^ure the production of intiacelUuar V phosphorylated inositol 

^.MP^v^edisc^dem^ 
to theregul»«.nof.heer^aticac»^^ 

P , 3-kinase can active siting pathw^s throush its 7 phosph«yl«ed inosttol 

Theph.spho.ipidsof^inventionareuse^.u^^^.n^ 
from the trauma. 
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Administration 

1. Gene Delivery Vehicles -fipi 
Gene delivery vehicles (GDVs) are available for delivery of polynucleotides to 
cells, tissue, or to a the mammal for expression. For example, a polynucleotide sequence 
5 of the invention can be administered either locally or systemically in a GDV. These 
constructs can utilize viral or non-viral vector approaches in in vivo or ex vivo modality . 
Expression of such coding sequence can be induced using endogenous mammaliaiior 
heterologous promoters. Expression of the coding sequence in vivo can be either ^ 
constitutive or regulated. "i^W 

10 The invention includes gene delivery vehicles capable of expressing the ^ 

contemplated polynucleotides. The gene delivery vehicle is preferably a viraj^egtor and, 
more preferably, a retroviral, adenoviral, adeno-associated viral (AAV), herpes viral, or 
alphavirus vectors. The viral vector can also be an astrovirus, coronavirus, J^^r 
orthomyxovirus, papovavinis, paramyxovirus, parvovirus, picoroavirus, poxvirus^? 

IS togavinis viral vector. See generally, Jolly, Cancer Gene Therapy 7:51-64 ( 1 994^ 
Kimura, Human Gene Thenqsy 5:845-852 (1994), Connelly, Human Gene Therapy 
6:185-193 (1995), and Kaplitt, Nature Genetics 6:148-153 (1994). W 
Retroviral vectors are well known in the ait and we contemplate that an y ^ 
retroviral gene therapy vector is employable in the invention, including B, C and Blypc 

20 retroviruses, xenotropic retroviruses (for example, NZB-X1 , NZB-X2 and NZB9-1 (see 
O'Neill, J. Vir. 53:160, 1985) polytropic retroviruses (for example, MCF and MGgMLV 
(see Kelly, J, Vir. 45:291, 1983), spumaviruses and Antiviruses. See RNA TumoS^ 
Viruses. Second Editions-Cold Spring Harbor Laboratory, 1 985. _ :-jJh** 

Portions of the retroviral gene therapy vector may be derived from differs?! 

25 retroviruses. For example, retro vector LTRs may be derived from a Murine Sarcoma 
Virus, a tRNA binding site from a Rous Sarcoma Virus, a packaging signal fronka 
Murine Leukemia Vims, and an origin of second strand synthesis from an Avian A 
Leukosis Virus. - ^ 

These recombinant retroviral vectors may be used to generate transduction 

30 competent retroviral vector particles by introducing them into appropriate packaging cell 
lines (see U.S. Serial No. 07/800,921, filed November 29, 1991). Retrovirus vectors can 
be constructed for site-specific integration into host cell DNA by incorporation of a 

17 
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V^***.^**"******- S«,U.S.S«™lNo.0 li /445.466 
filed May 22, 1995. U is prefenfcte tta. the reeombiM* viral vector to . rephcauon 

defective recombinant vims. 

Packaging cell lines suitable for use with the above-described retrovirus vectors 
are well known in the art, are readily prepared (see U.S. Serial No. 0*240,030, filed 
May 9 1994; see also WO 92/05266), and canbe used to create producer cell lines (also 
termed vector cell lines or "VCLs") for the production of recombinant vector particles. 
Preferably, the packaging cell lines are made from human parent cells (e.g., HT1080 
cells) or mink parent cell lines, which eliminates inactivation in human serum. 

Preferred retroviruses for the conduction of retroviral gene therapy vectors 
include Avian Leukosis Virus, BoviML*uken^ Murine Leukemia Virus, Mink- 
Cell Focus-Inducing Virus, Murine Sarcoma Virus, Reticuloendotheliosis Virus and 
Rous Sarcoma Virus. Particularly preferred Murine Uukemia Viruses include 4070A 
and 1504A (Hartley and Rowc, ^:i9-25, J976), Abelson (ATCC No. VR-999), 

Friend (ATCC No. VR-245), Graffi, Gross (ATCC No, VR.590), Kirstcn, Harvey 
Sarcoma Virus and Rauscher (ATCC No. VR-998) and Moloney Murine Leukeima 
Virus (ATCC No. VR-190). Such retrcviruses may be obtained from depositories or 
ejections such i as the American Type Culture Collection (« ATCC) in Rockville, 
Maryland or isolated from known sources using commonly available techmques. 

Exemplary known ramviri gene therapy vectors employable in this invenhon 
include those de SC ribedmGB2200651;EPNo.415,731;EPNo.345^42;PCT 
Publication Nos WO 89/02468, WO 89/05349, WO 89/09271, WO 90/02806, WO 
90/07936 WO 90/07936pWO 94/G3622vWO 93/25698, WO 93/25234, WO 93/1 1230, 
WO 93/10218, and WO 91/02805, in U.S. Patent Nos: 5,219,740, 4,405,712, 4,861,719, 
4,980.289 and 4,777,127, in U.S. Serial No. 07/800,921 and in Vile, Cancer Re, 
55.3860-3864 (1993); Vile, Cover Res 53:962-967 (1993); ^^^^ 
(1993);Takamiya,J. Neurosci 33:493-503 (1992); B^JNeurosur g 79:729-7 5 
( 1993);Mar*,Ce//33^ 
Human Gene Therapy I (1990). 

in this invention. See, for example, Berkner, ^^^ec^ 6:616(1988), and Rosenfeld, 
,5,:431 (.991), and PCT Paten, P:^on N os. WO 93/072S3, WO ,3,06223, 

a 
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and WO 93/07282. Exemplary known adenoviral gate therapy vectors employable in 
this invention include those described in the above-referenced documents andinJPCT 
Patent Publication Nos. WO 94/12649, WO 93/03769, WO 93/19191, WO 94§§|38, 
WO 95/1 1984, WO 95/00655, WO 95/27071, WO 95/29993, WO 95/3467CWSr 
5 96705320, WO 94/08026, WO 94/1 1506, WO 93/06223, WO 94/24299, WQ^|g4102, 
WO 95/24297, WO 95/02697, WO 94/28152, WO 94/24299, WO 95/09241, 
95/25807, WO 95/05835, WO 94/18922 and WO 95/09654. Alternatively, jj 
administration of DNA linked to killed adenovirus as described in Curiel, Hum^Gfene 
liter. 5:147-154 (1992) may be employed. : ^S- 

10 The gene delivery vehicles of the invention also include adenovirus associated 

vims (AAV) vectors, -Leading and preferred examples of such vectors for uscjSShis 
invcndon are the AAV-2 basal vectors disclosed in Srivastava, PCT Patent Publication 
No. WO 93/09239t Most preferred AAV vectors comprise the two AAV inveirtei 
terminal repeats in which the native D-sequences are modified by substitution of 

IS nucleotides, such-that at 4eaSt 5 native nucleotides and up to 1 8 native nucleotide s , 

preferably at least 10 native nucleotides up to 18 native nucleotides, most profitably 10 
native nucleotides are retained and the remaining nucleotides of the D-sequencejue 
deleted or replaced with non-native nucleotides. , The native D-sequences of the^AAV 
inverted terminal repeats are sequences of 20 consecutive nucleotides in each AAV 

20 inverted terminal repeat (i.e.; there is one sequence at each end) which are not involved 
in HP formation; The non-native replacement nucleotide may be any nudeotideother 
than the' nucleotide found in the native resequence in the same position. Other^. 
employable exemplary AAV ^ vectors are pWP- 19, pWN-1, both of which are disclosed in 
Nahretoii Gene 724:257-262 (1993). Another example of such an AAV vector is 

25 psub201. SeeSamulski,J ;Wra/, 67:3096 (1987). Another exemplary AAV vector is the 
' Double-D ITR vector. How to make the Double D ITR vector is disclosed in US. Patent 
No. 5,478,745. Still other yectors are those disclosed in Carter, U.S. Patent Nor v 
4,797368 and Muzyczka, U.S.Patent No, 5,139,941, Chaitejee, U.S. Patent Vb&k 
5,474,935, and Kotin, PCT Patent Publication No. WO 94/2881 57. Yet a forth* 

30 example of an AAV vector employable in this invention is SSV9AFABTKneo^which 
contains the AFP enhance and albumin promoter and directs expression predominantly in 
the liver; Its structure and howtq ma^e it are disclosed in Su, Human Gene Therapy 
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7:463-470 (1996). Additional AAV gene therapy vectors are described in U.S. Patent 
Nos. 5,354,678; 5,173,414; 5,139,941; and 5,252,479. 

The gene therapy vectorsofthe invention also include herpes vectors. Leading 
and preferred examples are herpes simplex virus vectors containing a sequence encoding 
5 athyrnidmekh^polypeptide^ 

EPNo miTOCRoi^man) Additional exernplary heipes simplex vinis v^ 
HFEM/ICP6-LacZ disclosed inPGT Patent No. WO 95/04139 (Wistar Institute), 
pHSVlac described in Geller, Science 241 :1667-1669 (1988) and in PCT Patent 
Publication Nos. WO 90/09441 and WO 92/07945, HSV U S 3::pgC-lacZ described m 

,0 Fink, G^^^ 

described; in EP No- 453,242 ^^m^^^^d with the ATCC as 

accession numbers ATCC VR-977 and* ATCC VR-260. 

Alpha virus gene therapy ve4tbr^ be employed in mis iiwenuoa 
alpha virus vectors are Sindbis viruses vectors. Togaviruses, Semliki Forest virus 
15 (ATCC VR-67; ATCC VR4247), Middleberg vims (ATCC VR-370), Ross River virus 
(ATCC VR-373* ATCC VR-1 246), Venezuelan equine encephalitis virus (ATCC 
VR923' ATCC VR-1250; ATCC VR-1249; ATCC VR-532), and those described U.S. 
PatentNos 5,091,309 and 5,217,879, and PCT Patent Publication No. WO 92/10578. 

Moreparti^ 
20 ; medMa^ 

' Nos WO 94/21792, WO 92/1 0578, and WO 95/07994, and U.S. Patent Nos. 5,091 ,309 
and 5 217 879 are employable. Such alpha vhuses may be obtained from depos,tones or 
collections such as th*ATCC in RotkvMe, Marvin ^ 

usingcommonly available technique. Preferably, alphavirus vectors with reduced 
25 cytotoxicity are used (see co-owned U.S. Serial No. 08/679640). 

DNA vector systems such as eukaryotic layered expression systems are also 

See PCT Patent Publication No. 

WO 95/07994 for a detailed description of eukaryotic layered expression systems. 
Preferably, the eukaryotic layered expression systems of the invention are derived from 
30 alphavirus vectors and most prefen^iy from Sindbis viral vector 

from poliovirus, for Sample ATCC VR-58 and those described in Evans. Nature 
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339:3*5 (1989), and Sabin, J. Biol Standardization 1:1 15 (1973); rtuno vinis, for 
example ATCC VR- 1 1 1 0 and those described in Arnold, J Cell Biochem ( 1 9901X40 1 ; 
pox viruses such as canary pox virus or vaccinia virus, for example ATCC VRrl i 1 and 
ATCC VR-201 Q and those described in Fisher-Hoch, Proc Natl Acad Sci 86 (1989 ) 3 1 7, 
5 Ficxna.AnnNYAcadSci 559:86(1989), Flexner, Vaccine 8: 17 (1990); in U.SJfatcnt 
Nos. 4,603,1 12 and 4,769,330 and in WO 89/01973; SV40 virus, for example AfCC 
VR-305 and those described in Mulligan, Nature 277: 108 (1 979) and MadzaMpen Vir 
73: 1 533 (1992); influenza virus, for example ATCC VR-797 and recombinant influenza 
viruses made emptying reverse genetics techniques as described in U.S. PatentNo. 

10 .5,166,057 and in Enami, Proc. Natl. Acad Sci. 57:3802-3805 (1990); Enami anfpalese, 
J. Virol; 6S'2m?2m (1991); and Luytjes, Cell 59:) 10 (1989), (see also McMigbeal., 
New Englandl Med 3mW (WM\ and Yap, Nature 275:238 (1978) and Natv^t 
277:108; 1979); human inununodsficiemcy virus as described in EP No. 386,882Tand in 
Buchschacher, / Vtr. 66t273 1 (1992); measles virus, for example, ATCC VR-6j|nd 

15 VR-1247 and those described in EP No. 440,219; Aura virus, for cxarnple, ATCjjfVR- 
368; Bebani virus, for example, ATCC VR-600 and ATCC VR-1240; Cabassoi^ms, 
for example, ATCC VR-922; ChJkungunya vims, for example, ATCC VR-64 aMATCC 
VR-1241; : Fort Morgan Virus, for example; ATCC VR-924; Getah virus, for example, 
ATCC VR-369 and ATCC VR-1243; Kyzylagach virus, for example, ATCC VR.927; 

20 Mayaro virus, for example, ATCC VR-66; Mucambo virus, for, example, ATCCJVR-580 
and ATCC VR-1244; Ndumu virus, for example, ATCC YR-371; Pixuna virus^jfor 
example, ATCC VR-372 and ATCC VR-1245; Tonate virus, for example, ATjgC VR- 
925; Triniti virus, for. example ATCC VR-469; Una virus, for example, ATO£VR*374; . 
Whataroa virus, for example ATCC VR-926; Y-62-33 virus, for example, ATCC VR- 

25 375; CNyong virus, Eastern encephalitis virus, for example, ATCC VR-65 and ATCC 
VR-1242; Weston encephalitis virus, for example, ATCC VR-70. ATCC VR-1251, 
ATCC VR-622 and ATCC VR-1252; and coronavirus, for example, ATCC VR-)40 and 
those described in Hanue t /Voc. £^^&"o/. Med 727:190(1966). 
< Delivery of the compositions of this invention into cells is not limited to the 

30 abdVe mentioned viral vectors. , Other delivery methods and media may be employed 
such as* for example, nucleic acid expression vectors, polycationic condensed DN A 
linked or unlinked to kilted adenovirus alone, for example see U.S. Serial No. ... " 

21 
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08/366,787. filed Dumber 30, 1994, and CurieL Hm Co* Iher 3:147-154 (1992) 

^c cell delive* vehicles cells, for example see Ui Sena. No. 0*240,030, filed 
May9 1994 m dUS.SerWNo.()8/404,796,dei».siti<>nofpl«itopolymerizedhydrogel 
wm L. ha.d-h.ld gene transfer prtcle gun, as described in U.S. Patent No. 
5 149 655, ionizing mdiaion as described i„U.S.Pa«,,.No. 5*06,152 and in PCT 
paert Publication No. WO 92/1 1033, nucleic charge neutralization or fusion wtth cell 
ro cmb^.Addido M .a Pr ^es«descril^inPhilip. M o/. a>. Biol. ,4-24U- 
2418 (1994) and to Woffendin, Proc. M. Acad. ScL PM58I-585 (1994). 

Particle mediated gene transfermay be employed, for example see U.S. 
provisional application No. 60/023.867: Briefly, the sefuence can be inserted tnto 
conventional veaors that contmn convendonal control sequences for tagh tevel 

polymeric DNA-Wnding cations like polyene. prtKamine, and albumin, linked to cell 
15 ntgeung.igandssucha.asi-ooro^uc.id.asde^^ 

263 (1990). galactose asdescribed in Piank, Blocon/^e Chm 3:533-539 (1992), 

lactose or transferrin. 

Naked DNA may also be employed. Exemplar, naked DMA inttoducUon 

55.0359. V^i^***^^******""**- ™* 

^ ^ beads are efficiently transport into cells after endocyUKis initial by the 

25 into the cytoplasm. ncD.t-«»N« 
5422 120 PCTPa«n.Public«ionNos.W095n 3796,W094fl3697.»dWO 
,,,,44445 and EP No. 524,968. As described in co-owned U.S. provisional application 

22- 
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targeting ligands such as asialoorosomucoid, insulin, galactose, lactose, or transferrin. 
Other delivery systems include the use of liposomes to encapsu la te DNA comprising the 
gene under the control of a variety of tissue-specific or ubiquitously-active promoters* 
Further non-viral delivery suitable for use includes mechanical delivery systems such as 

S the approach described in WofTendin et aL, Proc. Natl. Acad ScL USA Pi(24 )U|S|l - 
1 1585 (1994). Moreover, the coding sequence and the product of expression ofiipi can 
be delivered through deposition of photopolymerized hydrogel materials. Other 
conventional methods for gene delivery that can be used for delivery of the coding" 
sequence include, for example, use of hand-held gene transfer particle gun, as described 

1 0 in U.S. Patent No, 5, 1 49,655; use of ionizing radiation for activating transferred j^ne, as 
described in U.S. Patent No. 5^06,152 and PCT Patent Publication No. WO *^p33. 

Exemplary liposome and polycationic gene delivery vehicles are those described 
in U.S. Patent Nos. 5,422,120 and 4,762,915, in PCT Patent Publication Nos^Jflg- 
95/13796, WO 94/23697 t and WO 91/14445, in EP No. 524,968 and in Strye^jjP 

15 Biochemistry , pages 236-240 (1975) W.R Freeman, San Francisco, Szoka, Blwtem. 
Biophys. Acta 600:1 (1980); Bayer, Biochem. Biophys. Acta. 550:464 (1979);jy||ay, 
Meth Enzymol 149:1 19 (1987); Wang, Proc. Natl Acad. ScL 84:7*51 (1987); ^Plant, 
Anal. Biochem. 1 76:420 (1989). _ ^ 



Administration of the Phospholipids ^ j i: 

20 The phospholipids of the invention can be used to treat cell death in humans or 

other mammalian patients by contacting the a pharmaceutical composition containing the 
phospholipids with a celUhat has experienced trauma, for example a trauma firom qjheart . 
attack or a stroke. 

In a therapeutic context, the phospholipids of the invention can be administered 
25 as described in Franke et al Science 275:665-668 (1997), for example by placing die 
phospholipid containing vesicles in contact with cells in which they can be int ernali zed. 
Therefore administration of the phospholipids of the invention include all the local and 
systemic modes of administration possible. „ : 

30 Pharmaceutical Compositions and Therapeutic Methods 

The gene delivery vehicles containing the polynucleotides or phospholipids of the 
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invention can be administered, locally or systemically to mammals, especially humans or 
primates, or placed in direct contact with a cell or population of cells. The phosphohp.ds 
and gene therapy vectors can be formulated into pharmaceutical compositions as 
described below. The pharmaceutical compositions comprise gene therapy vectors 
5 containing a polynucleotide of the invention or aphospholipid made by the method of 
the invention in a pharmaceutical^ acceptable carrier or diluent. 

Suitable carriers may be large, slowly metabolized macromolecules such as 
proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, 
amino acid copolymers, and inactive viruses in particles. Such carriers are well known 
10 to those of ordinary skill in the art. Phannace^tically acceptable salts can be used 
therein for example, mineral acid salts wh as hydrochlorides, ! hydrobromides, 
phosphates, sulfates, and the like; and the salts of organic acids such as acetates, 
propionates, malonates, benzoates, and the like. A thorough.discussion of 
pharmaceuticaUy acceptable excipieats is available in REMINGTON'S 
15 PHARMACEUTICAL SCIENCES (Mack Pub. Co.,NJ. 1991), Pharmaceutical^ 

acceptable carriers in therapeutic compositions may contain liquids such as water, sahne, 
glycerol and ethancl Additionally, auxiliary substances, such as wetting or cmulsifymg 
agents P H buffering substances, and the like, may be present in such vehicles. 
Typically the therapeutic compositions are prepared as injectables, either as liquid 
20 solutions or suspensions; solid forms suitable for solution in, or suspension in, hqmd 
vehicles prior to injection may aiso be prepared. Liposomes are .ncluded within the 
definition of a phanr.aceutically acceptable carrier. 

A "therapeuticaUy effsc^VJ? amount" is that amount of any of the pharmaceuucal ^ 
compositions that are administered will b. that amount sufficient to generate the des,red 

25 merapeuric outcome. 

The tern. ^armaceuucally acceptable carrier" refers to a earner for 

antibodies tarrnM to the individual receiving the composition, and whtch may be 
admtais^^thou.uMuetoxicUy: Phanmetnica. compositions can melude a 

aecemable carrier or diluent Suchphannaceutiau compositions n»y be prepared ether 

zH 
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prior to administration. In addition, the composition may be prepared with surtaBe 
carriers or diluents for either surface administration, injection, oral, or rect al -jgsL 
administration. Pharmaceutically acceptable carriers or diluents are nontoxic Xo]£ 
recipients at the dosages and concentrations employed. Representative exampk&pf 
5 carriers or dilaents for injectable solutions include water, isotonic saline solutic^ which 
are preferably buffered at a physiological pH (such as phosphate-buffered salfn&or Tris- 
buffered saline), mannitol, dextrose, glycerol, and ethanol, as well as polypeptides or 
proteins such as human serum albumin. A particularly preferred composition ccmprises 
a vector or recombinant virus in 10 mg/rnl mannitol, 1 mg/ml HSA, 20 mM Tri^pH 72, 

1G and 150mMNaCl.Iath& 

t mg of material^ it may be less than 1% of high molecular weight material, andljess than 
1/100,000 of Ihe total matoial (including water),^ TO composition is stable at^TQjC for 
at least six months. ! .v ,--y.- ...-«,-; ^ - -^2P 

Phannaceudcal compositions of the present invention may also additiotutlly 

15 include factors thai stimulate cell diyision^and hence, uptake and incorporation a 
recombinant retroviral vector. .Preserving recombinant viruses is described in US 
applications entitled "Methods for Preserving Recombinant Viruses" (U.S. Serial No. 
08/135,938^ filed October t 12, 1993) which is incorporated [herein by referenw iSlL 
: The pharmaceutically acceptable carrier or. diluent may be combined vritifth e 

20 gene delivery ^vehicles of with the phospholipids to provide a composition either as a 
liquid solution, or as a solid form (e.g. , lyophilized) which can be resuspended in a 
solution prior to administration. The two or more gene delivery vehicles are typically 
administered via traditional direct routes, such as buccal/sublingual, rectal, oral, nasal, 
topical, (such as transdermal and ophthalmic), vaginal, pulmonary, intraarterial: 

25 intramuscular, intraperitoneal, subcutaneous, intraocular, intranasal or intravenous, or 
indirectly. 9 • *. : , ... 

Any therapeutic of the invention, including, for example, polynucleotides for 
expression in the mammal or phospholipids, can be formulated into an enteric coated 
tablet or gel capsule according, to known methods jn the art These are described in the 

30 following patents: U.S. Patetf^ 

930,801, and W0 ^2144^2, Such a capsule is administered orally to be targets to the 
jejunum. At 1 to 4 days following oral administnuion expression of the polypeptide, or 
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hAibition of expression by, fot example . ribozyme or an anUse.se oligonucleotide, is 
me asured in the plasma and blood, for example b, antibodies to the pressed or non- 
expressed proteins. 

Administration «n be accomplished by .my means appropriate fa tta therapeutic 
5 .genaorexanpfebyparen^oro^ 

subcutaneous, intiuveno*. intiamuscular, bura-arterial, injection into me tissue of an 
< ^mucosd,F^^.'»P^.«'^- b » sed - Oral means is by monti, 
Eluding Pills or other gastroenfcric delivery means, including a drinkable hourd. 
Mucosal delivery cm include, for example, intianasal deliv«y. Pulmonary deliver can 
,0 include inhalation of the agent Cahetcr-based delivery can include dehvery by 
iontophoretic causer-based delivay. Administtation wil. generally also include 
delivery with » plmnuKentically accepts carrier, such as a buffo, a polypeptide, a 
peptide, a polysaccharide conjugate, a iipoiome. and a lipid. A gene therapy protocol ,s 
consider* an atainistr^m^ 

U,en,ammal.»d - be applied to bom parent^ and oral delivery means. Such 
aummisuationn^Ubesd.^ 
exan.ptevAeremedise.seis* 
Where the disease is systemic the delivery may be systemic. 
2Q • rtetenn - fa vrvo.dm m istr*^^^ 
e ^ple.n»«r^of.po.y.uc.«>ude 

„^al. Inparacular.di^ 
^acodUtgs^vn,.^^^ 

vfM adminiaration W include direct injection of the DNA encoding Ok poyp^tide of 
M inl .res,in,heregK»afficU^ 

^mrillisremovedfrommepatie* ^. After ti^fecti™ u« cel. is uten replaced m 
facilitating me expression, and placing *e — «* "»° «» »~ * 
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expression. i§S 

The gene delivery vehicle or phospholipid can be introduced into a population of 
cells or a mammal, for example, by injection, particle gun, topical administration*^, 
parental administration, inhalation, or iontophoretic delivery, as described in ll^JPatent 
5 Nos. 4,41 1,648; 5,222,936; and 5,286,254; and PCT Patent Publication No. WOlS 
94/05369. 

The gene delivery vehicle may be administered at single or multiple sites Jo a 
mammal directly, for example by direct injection, or alternatively, through the use of 
target cells transduced ex vivo. The present invention also provides pharmace utical 

10 compositions (including, for example, various exipients) suitable for administering the 
gene delivery vehicles. Wfthin the context of the present invention, it should be $ $ 
understood that the ren?o ve<? cells may be returned to the same animal, or to another 
allogenic animal or mammal. In such a case it is generally preferable to have . 
histocompatibility matched animals (although not always, see, e.g., Yamamoto ctaL. 

15 "Efficacy of Experimental FIV Vaccines," 1st International Conference of FIV ; i 
Researchers, University of California at Davis, September, 1 99 1 . . _ 

The multiple gene delivery vehicles or phospholipids may be administcratto 
animals, plants, or to a population of cells. In preferred embodiments, the animates a 
warm-blooded animal, further preferably selected from the group consisting of mice, 

20 chickens, cattle, pigs, pets such as cats and dogs, horses, and humans. ^ 
For polynucleotide therapeutics, depending on the expression of the il- 
polynucleotide in the target cell, vectors containing expressable constructs of coding 
sequences, or non-coding* sequences carf be administered in a range of about 100 ng to 
about 200 mg of DNA for local administration in a gene therapy protocol, also About 500 

25 ng to about 50 mg, also about 1 ug to about 2 mg of DNA, about 5 ug of DNA to about 
500 ug of DNA, and about 20 ug to about 100 ug during a local administration ill a gene 
therapy protocol and for example, a dosage of about 500 ug, per injection or 
administration. Where greater expression is desired, over a larger area of tissue, larger 
amounts of DNA or the same amounts readministered in a successive protocol of; 

30 administrations, or several administrations to different adjacent or close tissue portions 
of for example, a tumor site, may be required to effect a positive therapeutic outcome. 
Phospholipid therapeutic agents can be administered in dosage effective for the 
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amount of cells targeted, in such quantities as analogously appiopriale to the amounts of 
phospholipids effective as described in Franke et at. Science 27*665-668 (1997). 

Administration of a gene delivery vehicle having a polvnucleotide of the 
invention for preventing or reducing cell death, or administration of a 3' phosphorylated 
5 phospholipid, or a vesicle containing such, for the purpose of preventing or reducing cell 
death can be made directly to a putative site of trauma, or can be made systemically, but 
the vehicle or vesicle can be targeted specifically to the putative site of trauma. 
Administration of a polynucleotide of the invention can also be made directly to cells 
exhibiting insulin resistance, such as for,xample liver cells, or other cells expected 
10 under normal conditions to be responsi ve to insulin. 

In all cases, routine experimentation in clinical trials will determine specific 
ranges for optimal therapeutic effect, fetach therapeutic, each administrative protocol, 
and administration to specific mamntais trill also be adjusted to within effective and safe 
ranges depending on the rnammrcondito^ 
l5 Further objects, fat**** ***** ° f the present invention wUl become 

apparenifiom&ede^ 

detailed description, ^ Wfc^P^— «« rftei «^ b ^ ^ 

by way of illustration only, since various changes and modifications within the spint and 

sc.peofmeinventionwillbecomeappare^^ 

20 description. 

method of the invention 



r q I" rn- r h U T-*- TnmHfH PT Hftw M-tapl* 

factor i»dq*»d«* wmtm, ■> 110 " ""^ 
M wre corded », 4. addition of haerdogons membrane targeting 

derivedvanamofPU-kinase. ,11* -h-*^*"^"*"**- 
Hu « «,(. MM 10M« 0«X * consist of the basic function* elements of 
the pi 3-kinase subum* providing for lb. iSH2 domain of p85 anached to a pl.0 

W SUbU "" As depicted statically in Fig. I, pi 10 con^ons were t*ged either a. the 

2? 
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N- or C- tcnnina! end with the Myc epitope depicted by the ovaL The iSH2 fragm ent of 
p8S contained a C-terminal influenza virus hemagglutinin (HA) epitope tag depicted by 
the diamond The pi 10 region with homology to the catalytic domain of pr ogegrfcin ases 
is depicted by a box labeled "kinase". The domain responsible for the imeratfty^with 

5 the iSH2 domain of the p85 subunit is shown as a small box at the pi 10 N-temurms. 
pi lOAkin is a kinase-deficient pi 10, in which the arginine at position 802 was imitated 
to a lysine residue as indicated by an asterik within the catalytic domain. The iSH2 
domain of p85 that is required for catalytic activity is represented by a hatched bar. The 
first and last amnio acids of fragments are numbered witlj respat to Aeir posits in the 

10 wt p8S or pi 1 0 sequence, p 11 O^is a constitutively active chimera that contaii^he iSH2 
domain of p85 attached to theN-teiminus of pi 10 via a flexible "glycine linker" as 
described in Hu e/ alsScienee 2685100-102 (1995). The pM0*Akin is the kina^, 
deficient version of pi 10* Myr-P l 10 and Myr-Pl 10* as well as their kinase deficient 
versions were modified^ their respective N-tenninai ends with the myristoylation 

IS sequence of pp60 c-Sr^ as described in Kaplan et aL, PNAS USA 83: 3624-8 (1J^0), 
Schultz et al. 9 Science 227W27-9 (1985), and Deichaite et al. MpL Cell Biol &4295-301 
(1988).. TbeC-terminal aids of pi 10-H and pU0*-H and their kinase-deficierrt versions 
were extended by the fariiesylation and palmitoylation sequences of H-Ras, as^&scribed 
by Cadwallader et al, Mol Cell Biol >7*4722-30 (1994). Similarly, polynucleotide 

20 sequences containing the famesylation sequence and polybasic stretch of K-Ras^wcre 
generated as described in Cadwallader et al, Mol Cell Biol 74:4722-30 (1994)7; 

The pi 10 and pi 10* variants that were constructed for this example wc$£ M- 
p 1 1 0 and M-pl 1 0* which contains the'N-terminal myristoylation sequence of r ?^ ^ ; 
phosphoprotein 60 (pp60) c-Src and a C-tcnninal Myc epitope tag, pi 10-H and p'UO-K, 

25 and pll0*-H and pi 10*-K that carry an N^erminal-Myc epitope-tag. ppl 10-H and 

pi 10*-H have a C4erminal famesylation and palmitoylation signal which sequences are 
derived from H-Ras, and pi 10-K and pi 10*-K have a C terminal famesylation signal 
and a polybasic sequence, which sequences are derived from K-Ras. These variants 
were constructed by N-terminus and C-terminus modifications of polynucleotides 

30 encoding polypeptides of pi 10* and pi 10. The pi 10* or pi 10 mutants were modified at 
the N-terminus by the pp60 c-Src myristoylation sequence as described in Kaplan et al. t 
Mol Cell Biol 10: 1000-9 (1990), Schultz. fi/ al,. Science 227:427-9(1985), and 



PCT/US97/0S573 

WO 97/40173 

Deichaitc et al . Mol. Cell Biol. «:4295-301 (1988), using primers Src-M-sense (5* C 
ATG GGG AGC AGC AAG AGC AAG CCC AAG GAC CCC AGC CAG CGC GGG 
GGA CA 3) SEQ ID NO. 12, and SrcM antisense (5' TAT GTC CCC CGC GCT GGC 
TGG GGT CCT TGG TCG TCT TGC TGC TCC C 3') SEQ ID NO. 11 flankedby Nco\ 
5 and'Mfcl restriction sites where A at position 2 is the cSrc start codon. The annealed 
DNA fragment was attached in frame via the respective restriction sites to the N- 
terminus of a Myc-tagged P l 10 cDNA constructed as described in Klippel el al. Mol 
Cell. Biol /4:2675-2685 (1994) into a mammalian expression vector that directs 
expression from the SRa promoter as described in Takabc et al. Mol Cell Biol 8:466- 
10 72(1988). 

To m odify the C-terminal end of any pl 20 subunit derived mutant with the H-Ras 
famesylation and palmitoylation signal o, iie K-Ras famesylation signals and polybasic 
sequences, as describedinCadwallader e f a/.,Wo/. Ce//. Biol 74:4722-30 (1994), a C- 
terminal fragment of the pl 10 cDNA was amplified using primer pl 10 - 3' ///Will (5' 
15 CTG AGC AAG AAG CTT TGG 3'>, SEQ ID NO, 10, consisting of nucleotides 3092 to 
3 109 of the coding strand overlapping is Hmdlll site, and a primer pl 10-H (5' GGA TCC 
r * .TTr^rAC ^A ptt fiTA GCT CAT GCA GCr GOG OCC GCT GCT 
^nrrrrc GAG CTC GTT CAA AGC ATG CTG 3') SEQ ID NO. 9 where the 
underlined portion indicates nucleotides that are changed with respect to the wild-type 
20 sequence, overlapping nucleotides 3109 to 3204 of the noncoding strand, where Aofthe 
start codon is designated nucleotide 1. This extended the pl 10 C-terminal end by a 
sequence encoding amino-acids DLGGA (SEQ ID No. 3) as a hinge region conta.mng 
overlapping restriction s*e for &d a«d^/136II, and tol and Norl, which precedes the 

coding region formed ^ 
25 C-terminal end ofollO was modified with K-Ras farnesy lation sequence plus a 

pdybasicregionasdescribedinCadwallader^/. Mol Cell N: 4722-30 (1994) 

oyPCRusingprimerpllorHin^^ 

nr. CTT G GT HT GGA CTT CTT CTT CTT CTT TTT GCC A TC TTT GGA 
GGC GCC GAG CTC GIT CAA AGC ATC CTG 3'), SEQ ID NO. 8. This extended 

30 

asahingeregioncontainingeve^ngres^ 
a^rUhi^^ 
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sequence, a stop-codon, and a BamHl restriction site. The Myc-tagged C-tenninafend of 
pi 10, constructed as described in KJippe! et al. Mol. Cell. Biol. 74:2675-2685 (1994) 
was exchanged against the H-Ras or K-Ras CAAX-box modified sequences us infe 
Hindlll and BamHI. For the C-terminal famesylated pi 10 constructs, the N- to n uua l 
5 end of the pi 1 0 coding region was modified with the 1 0-amino acid Myc epittrpe3I . 
consisting of EQKLISEEDL, SEQ ID NO. 7, as described in Evan et al., Mol. Celt Biol. 
5:3610-6 (1985), using primer pi 10 5' Myc sense (5' CT AGA ATG GAT GAQCAG 
AAG CTG ATT TCC GAG GAG GAC CTG AAC GGG GGA CA 3') SEQ ID NO. 6, 
and primer pi 10 5' Myc - antisense (5' T ATG TCC CCC GTT CAG GTC CTCpTC 

10 GGA AAT CAG CTT CTG CTC ATC CAT T 3'), SEQ ID NO. 5, flanked by ruction 
sites for Xbal and Ndel. The Myc-coding region was attached in frame to the wild-t ype 
pi 10 N-texminus by IigaTing the annealed oligonucleotide v'mXbal~Ndel ends into ipCG- 
Pl 10 as described in Klippcl et al.. Mol Cell. Biol, 74:2675-2685 (1994). 

Kinase deficient control mutants, called gencrically pi 10 Akin, were constructed 

IS by changing a lysine at position 802 to an arginine residue, which alteration was^- 
accomplished by site-directed mutagenesis using the gapped duplex DNA mcthodas 
described in Stanssens et al Nuc. Acids Res. 77:4441-54 (1989) with primer pi 1CET 
KR802 (5* C GTC GCC ATT T£T AAA GAT GAT CTC 3'), SEQ ID NO. 4, where the 
underlined C indicates the point of mutation, and annealing to nucleotides 2392 to 3016 

20 of the pi 1 0 coding region. The correct sequence of the p 1 1 0 fragments modified by 
PCR or oligonucleotides was confirmed by DNA sequence analysis. J • 

The N-terminal myristoylation or C-terminal H-Ras farnesylation or K-Ras 
palmitoylation sequences were furthermore used to modify the coding regions for^ 
pi lOAkin, pi 10*, and pi 10*Akin by using restriction described above for pi 10, _For 

25 expression of pi 10 molecules in COS-7 cells, the respective DNA fragments wenr 
cloned into mammalian expression vector pCG via XbaUBaniHl ends as described in 
KKppel et Mol Cell Biol 14: 2675-2685 (1994). Plasmid pCG is a derivative of 
vectors described by Matthias et al Nuc. Acids Res. 77:6418 (1989), and directs 
expression in mammalian cells from the human cytomegalovirus promoter/enhancer 

30 region. COS-7 cells were obtained from the American Type Culture Collection and 
cultured at 37°C in Dulbecco's modified Eagle medium containing 1 0% bovine calf 
serum, and penicillin at a concentration of SO fig/ml and streptomycin at a concentration 

31 
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of 50ng/ml. 



Example 2 

pxnresgi"" nf Reeombi "™* r 1 10 derivatives in 

tnt^rrflnlar Distr ^™ "f""0 Molecules After^gi 

5 COS-7 cells that were 60% to 70% confluent on a 10 cm plate were transfected 

with mammalian expression vectors using the DEAE-dextran method as described in 
Gorman, Glover ed. DNA Cloning: A Practical Approach, v.H, IRL Press, Oxford, 

143-190(1985). The cells were starved for at least 30 hours in medium containing 
0 5% dialyzed fetal bovine calf serum and then treated with or without platelet-derived 

10 ^wthfactorho^^ ^ 
COS07 cells were washed twice with cold phosphate-buffered saline and lysed at 4»C in 
amammaliancell lysis buffer containing me foUo^g: 20 mMTris at pH 7.5, 137 mM 
NaCl, 15% v/v glycerol, 1% v/v Triton X-100, 2 mM EDTA, 2 mM 
phenylmethylsulfonyl fluoride, 10 mg aprotinin per ml. 20 mM leupeptir, 2 mM 

15 ^ide.lmMso^ 

mMNaPpi. The lysates were cleared by centrifugation at 14,000 Xg for 5 minutes and 
aliquots of the lysates were analyzed for protein expression and enzyme actmty. 

To investigate the mtracellular distribution of pi 10 molecules, hypotonic lysates 
werepreparedasdescribedinCadwallader^/.. Mot. Cell. BioU 4:4722-30 (1994), 

20 

collectedat400X B for2minutes. The cells were lysed by Dounce homogenizatton on 

^ iceinSOOuloflOn.M^^ 

P H75 i0mMKcl,1.5MgCl*O.3mMe*y^^^ 

N' N'-tetraacetic acid (EGTA), 2 mM phenylmethylsulfonyl fluoride, 10 mg aprotimn 
25 permUOmMleupeptin^mMb^idineJmM^ 

glycerophosphate, 50 mM NaF and 10 mM NaPPi for 10 minutes. After removal of the 
nucleiandunbrokencellsatcentri^ 

^ments.PaloAlto.CA.Tnesupematantcalle^ 

30 fractionswerecoUe^ 

immunoblotting with antibodies specific for the tagged proteins. 

3^ 
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Immunoblotting for purposes of determining the protein distribution waftfSS 
perfonned by boiling immunoprecipitates in Lammli-sample buffer, separating lie 
immunoprecipitates from the unprecipitated proteins by SDS-PAGE and by transferring 
the immunoprecipitates to nitrocellulose filters. The filters were blocked in TBST buffer 

5 composed of 10 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.5% v/v Tween 20, andjji5 0 /o 
w/v sodium azide containing 5% w/y dried milk. The respective antibodies were added 
in TBST at appropriate dilutions. Bound antibody was detected with anti-mousf is anti- 
rabbit conjugated to alkaline phosphatase made by Promega Corporation, Madison, WI, 
in TBST, washed, and developed with nitroblue tetrazolium and 5-bromo-4-chloxor3- 

10 indolyt phosphate also by Promega.^ Alterriatiyely, horseradish peroxidase conjugated 
anti-mouse aittibody was used and developed by enhanced chermlumiiiescence^mide by 
Amersham Life Sciences,, located at Arlington Heights, IL. 

-.■v.. v -.v- Example 3 
In Vitro Proton Kfo*" 5 Assavs and Dete rmination of PI ^-kinase Activity in al 10 

15 r Precipitates 

CelMysates containing HA-tagged pp70 S6 kinase, Alrt-ldnase, MAP4unme or 
cJun terminal kinase (JNK) were incubated with monoclonal anti-HA antibody 12CA5 
for 1 hour at 4?*C, Protein A-Sepharosebeads (Sigma, St. Louis, MO) were used Jo 
precipitate the immune complexes. The . beads were washed with 50 mM Tris-HCT (pH 
20 • 75), 0.5 M UC1, 05% v/v Triton X-J00,. twice with PBS' and once with lOmMTjis-HCl 
(pH75), lOmM MgCh, ImMdithiothreitoL ail.containingO.l mM sodium vanadate 
and 20 mM ^glycerophosphate. For analyzing the immune complexes in an S6 kinase 
activity assay the beads were divided in three aliquots: two aliqubts were subjected to a 
. S6 kinase activity assay using [y- M P] ATP (5,000 Ci/mmol) based on a peptide substrate 
25 described in Terada ef al, J. Biol. Chem. 268: 12062-8 (1993), in 30 pi, one aliquot was 
" > . analyzed for the amount of recombinant pp70 S6 kinase in the precipitate. After 25 
- » minutes at 22°C the reaction was stopped by the addition of 1 0 \xl of 500 mM EDTA. 
Twenty'two ul of the sirpernatant was applied to phosphocelluto^ 
Whatman Products. Fisher, Scientific, Pittsburg, PA, and washed four times in 75 mM 
30 ': H3PO4; TlierelauvfeamountsofmcorrKjrated ^ 

scintillation counter. . Specific phosphorylation of the S6-derived peptide was obtained 
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after subtracting counts with protein A-Sepharose beads in the absence of anti-HA- 
antibody from counts of label incorporated in the presence of anti-HA-antibody. 

For all the other kinase assays, one-third of the immunobeads were subjected to 
an in vitro kinase reaction, and two-thirds were analyzed for the amount of the respective 
5 recombinant kinase protein. For analyzing Akt kinase activity histone H2B was used as 
substrate as described in Franke et al,. Cell 57:727-36 (1995), according to the reaction 
conditions described by Jones etal., PNAS USA *S:4171-5 (1991). JNK-activity was 
determined using GST-Jun (amino acids of Jun 1 through 89, which a slight variation 
from a standard version that contains amino acids 1 through 79) as a substrate as 
10 described in Derijard et al, Cell 76:1025,37 (1994). For MAP kinase activation, the 

phosphorylation of myelin basic protein (M3P) was analyzed as described by Ray et al. 
PNAS USA 55:3753-7 (1988). The in vi. rc protein kinase reactions were carried out in 
30 ul in the presence of [y- 32 P] ATP (5,090 : Ci/mmol) and incubated at 22»C for 25 
minutes. The reactions were stopped by the addition of 8 ul Lammli-sample buffer and 
15 22 ul of the reaction mixtures were analyzed by SDS-PAGE. The relative amounts of 
incorporated radioactivity was determined by autoradiography and quantitated using a 
Molecular Imager System produced by BioRad, Richmond, CA. The complexes were 
analyzed by immunoblotting with the indicated antibodies. 

The presence of PI 3-kinase activity in immune complexes was determined by 
20 incubating the beads with 30 mM HEPES.3Q mM MgCh, 50 uM ATP, 200 uM 

adenosine. 0.2 mg sonicated PI per ml and 10 uCi [y-»P] ATP (5,000 Cymmol) for 20 
minutes at 25'C. Adenosine was added to inhibit any contaminating PI 4-kinase activity 
as described by Whitman 'et al. mure #2:644-6 (1988). Reactions were stopped by 
adding 100 ul of 1M Hcl and the phospholipids were extracted with 200 ul of a 1 :1 
25 mixture of chloroform/methanol. The reaction products were separated by thin layer 

chromotography as previously described in Kaplan et al.. PNAS USA W.3624-8 (1986). 
The conversion of PI to PI 3-phosphate was determined by autoradiography. 

In addition, phosphoprotein 70 ( PP 70) S6 kinase activation by coexpression of 
the polynucleotide sequences with PP 70 S6 kinase was demonstrated. The indicated 
30 Myc-tagged polynucleotide sequences were expressed with HA-tagged p P 70 S6 
kinase pi 10 kinase or pi 10* kinase with either a myristoylation (M) cell membrane 
targeting sequence added to the N-terminus, or a famesylation and palmitoylation 
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sequence (H) cell membrane targeting sequence added to the C-tenninus resulted in 
increased levels of pp70 S6 kinase activity . pp70 S6 kinase is a known downstream 
effector of PI 3-kinase. ~35f 

Example 4 

5 Flv Eve Screen for Inhibitors of PI 3-Kinase Activity 

In this example, pi 1 0* expressing Drosophila melanogaster is created fo|juse as a 
screen for PI 3-kinase inhibitors. --feii 
pi 3 0*, a growth factor independent PI 3-kinase mutant is expressed in the^ 
developing eye tissue of the fruit fly Drosophila melanogaster, using the GMR promoter 

10 described in Hay tl at;, Development 120:2121-9 (1994). The expression of pi 10* under 
the control of the eye specific promoter leads to developmental defects which mult in 
obvious aberrations in the external morphology of the external eye tissue. The mutant 
morphology that results in the transgenic flies is called "rough" eye. "Rough eye^ 
morphology is a fly eye with aberrant morphology that is detectable under a dissecting 

15 microscope. These defects may depend on PI 3-kinase activity, as indicated by a control 
experiment transforming developing flies with a PI 3-kinase mutant that contains £ 
mutated kinase domain. The fly eye cells transformed with a catalytically inactive PI 3- 
kinase mutant are incapable of eliciting the rough eye morphological effects of thp 
catalytically active counterpart. 

20 The results of the transformation of the developing fly tissue result in ectopic 

production of R7 photoreceptor cells is observed in pi 10* expressing eyes of the2: 
Drosophila, which is^ phenotype characteristic of the activation of the Ras signaling 
molecule. Thus, as in mammalian cells, pi 10* appears to activate Ras in Drosophila 
tissue and indeed mutations that reduce Ras activity in Drosophila, reduce the phenotypic 

25 effects of pi 10*. Even with this information, the invention is not limited to any theories 
of mechanism of how the invention works. 

Drosophila embryos are transformed by the method described in Karess and 
Rubin, Cell 38:} 35-146 (1 984) with a polynucleotide construct made up of a pi 10* 
coding sequence under the regulatory control of a GMR promoter. The flies are allowed 

30 to develop normally and are selected by eye morphology for successful transformants. 
Successful transformants will have a rough eye morphology. The transgenic flies are 

55 
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then fed food spiked with an appropriate dose of a candidate inhibitor. The amount of 
the inhibitor will depend on the deduced possible potency of the molecule as an inhibitor. 
In this case, the flies are fed different small molecule inhibitors; a different inhibitor is 
selected for each population of transformants. The flies are fed a candidate inhibitor 

5 throughout third instar development during which time they are observed for reversions 
of their eye morphology to wild type or normal. Positives are identified and the 
inhibitors are then retested by this assay, or by a kinase or binding assay. This screening 
method may also be applied as a secondary or tertiary screen using candidate inhibitors 
that have already been found positive in prior screens such as the kinase or binding assay 

10 screening protocols. L.ir.-'-vrv-r^ 

Alternative screens are conducted by, injecting a candidate inhibitor into the third 
instar larvae of the transformants that are then observed for a reversion of the rough eye 
morphology to normal. 



15 
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Example5 

Tliml riH- c„ r ~c g ;™ System for PI 3-kinase Mutant pi 10* 
Expression of inducible pi 10* was achieved fusing the coding region for pi 10* 
with the GR525 mutant of the regulatory domain of the mouse estrogen receptor (ER) as 
described in Littlewood m a!.. Nucleic Acids Research 23:1686-1690 (1995). Activation 
is related by the addition of 4-hydroxy tamoxifen (4-OHT), a natural breakdown 
product of estrogen: in the presence of4-OHT the pi 10*-ER chimera is activated. The 
respective expression vector was further modified by addition of the 5' untranslated 
Jeader sequence from the^erpes simple, virus tk-gene to provide for efficient translation 
initiation of pi 10*. 

.. With the ability to regulate pi 10* activity it is possible to generate stable cell 
lines, since in the uninduced state of the system background activity of pi 10 * is kept 
low Pathways induced by PI 3-kinase can be studied simply by 4-OHT to the culture 
medium Time-course experiments after induction give information about the successive 
order (early/late) and the duration of the respective responses. An inducible expression 
system for pi 10* will aid in the determination of whether activation of PI 3-kinase is 
sufficient for a mitogen* response and/or anchorage-independent cell growth. Using 
this system allows us to address several key questions about the importance of PI 3- 

3* 
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kinase activation for the regulation of cell growth and mitogenesis. After inducing PI 3- 
kinase activity by 4-OHT we found that activation of PI 3-kinase is sufficient for gL 
mhogenic response as measured by incorporation of radiolabeled thymidine (DNAl 
synthesis) and for anchorage-independent cell growth as analyzed by colony formation in 
5 soft agar. .■ >^W V 

Additionally, the 4-OHT -iegulatable expression system is reversible, » that 
pi 10* expression can be switched on and off. Regulatable expression of constitu^yely 
active forms of PI 3-kinase is an ideal system to identify genes that are induced in , 1 ! 
response to PI 3-kinase activation. This can be achieved either by subtractive 
10 hybridization or by differential display after mRNA isolation from cells grown in the 
absence or presence of 4-O HT. - v >- - 

Example 6 

Production of PI 3-kinase Induced Phospholipids and Their Direct Activation ofAkt 
PI3 9 4P2 activates Akt in a defined phospholipid vesicle system in vitro as described in 

IS Klippel <?/ o/ M MoL Cell BioU6{%):4\ 17-4127 (1996). To optimize reaction conditions 
commercially available synthetic POP and PI3,4P2 dipalptitoyl derivatives wot tested 
for in vitro Akt stimulation Phospholipid vesicles were prepared containing J ^ 
dipalmitoy iated PI3P or dipalmitoylated PI3,4P2» PI4P and phosphatidylserinc (PS), 
phosphatidylcholine (PC);phosphatidylethanolaraine (PE), or combinations of these as 

20 described previously to mimic their relative concentrations found in cells. The 

phospholipid vesicles were preincubated with immobilized Akt protein. The kinase 
activity of Akt was analyzed by an in vitro kinase assay using histbne H2B as substrate. 
In this system PI3.4P2 in PC vesicles induced an approximately 2.5 fold increase in 
kinase activity of Akt No activation was observed with PI3,4P2 in either PE or PS 

25 vesicles. Conditions using PE/PS vesicles that were shown to promote in vitro activation 
of Ca 2+ -independent PKC ispforms by PI3,4P2 and PI3 t 4,5P3 did not allow activation of 
Akt The presence of PS in the PI3,4P2/PC vesicles, interfered with Akt activation, 
whereas certain concentrations of PE were tolerated No stimulation of Akt kinase 
activity was observed with vesicles containing PI3P under any conditions. An alkjuot of 

30 each immunocomplex was analyzed in parallel for protein levels. No further increase in 

37 
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Akt activation using synthetic dipahni^l derivatives of P13.4P2 at concentrations 
ranging from 260 «M ,o ! .3 MM w« observed. Next we established a system in which 
.1, r phosphorylated inositol phosphoBpids generated by PI 3-ktaase could be analyzed 

in vitro. . 

We observed that Akt activation in vitro by a constitutiyely .cave PI 3-kmase « 

mediated by PI3.4P2. To gencnue the known cellular products of PI 3-kinase. PI3P, 
p,3 4P2 and PI3A5P3. and to compare these produas with other phospholipids for the 
.ctivation of Akt in vitro, we used the constitutive* active PI 3-kinase, p. 10*. We have 
.Iso showed that pi 10' and its derivatives exhibit high specif., enzymatic actmties ,» 
W, ro and can efficiently induce signaling events when expressed in mammalian cells, as 
described earlier, pi 10' was extended a. the C-terminus with six histidine resumes 
<pl 1 0'-6His). expressed in Sf9 insect cells, and purified on a Ni-chel.«ng column. To 
generate 3' phosphoryla«d inositol phospholipids invUro purified pi 10- was incubaed 
in the prince of ATP with the PI 3-kinase substnues PI, PI4P or PI4.5P2, each m 
vesiclesconuumngphosphaUdylchOlinefPC,. A. fraction of each sample was 
w phospholipid extraction and analyzed for production of PUP, PI3.4P2 »»d PI3,4,5P 3 . 
Approximately 5% to 10% of the substntes were converted into 3' ptosphorylattd 
toitolphospholipidsundermesecondtUons. .norder to assess the ability of these 

Upids to stimulate Akt, phospholipid vesicles were preincubated with Akt. The kmase 
^UvityofAk.was^yzedinan/nv^lrinaseass^usinghistor.HlBassubstraK. 

Although comparable amounts of all three 3' phosphorated inositol phosphohptd 
producu had been general only Akt molecules that were preincubaed wtm vesicles 
contairungPWPioxBb^ Control samples 

contaimngeitauntrea^pho^^ 
M ^additionofluMPn^resuWinanaverageofS-foldstimuUttonofAkt. 

greater degr« of stimulation (9 fold) was observed a. higher concentiation <4 M M) of 
P,3 4P2 In parallel half of the Akt immunocomplexes were analyzed by Weaem- 

bWmsute equal orotcm^^^ 

activa^ghdireaphos^ 

a:a r^ult in increased Akt kinase activity. 
30 the presence of pi 10* protein per se did not result in increase 

pUOVwasanactivep^^ 

3S 
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autophosphorylation could be detected. Under the same conditions no Akt ' 
phosphorylation was detected. Additional control samples in which pi 10* wasatlfrpd to 
phospholipid vesicle substrates immediately before incubation with Akt, did noisgow 
activation of Akt This suggests that PI3,4P2 has to accumulate at sufficiently hi^t 
5 concentration in die PI 3-kinase reaction before Akt activation can be observed. These 
results demonstrate that it is possible to reconstitute PI 3-lrinase-mediated activation of 
Akt in vitro with defined components and that Akt is an immediate downstrtam j&ctor 
of PI 3-kinase. Furthermore, they suggest that the PI 3-kinase produced 
phosphatidylinositides can act as second messengers. Jg-- 

10 Akt-kinase activation was demonstrated by coexpression of pi 10 derivatives. 

Myc-tagged pi 10 molecules were coexpressed with HA-tagged Akt-kinase. pi lOkinase 
or p 1 1 0* kinase with either a myristoylation (M) cell membrane targeting sequence 
added to the N-terminus or a famesylation and palmitoylation sequence (H) cell^i 
membrane targeting sequence lidded to the C-terminus in the case of a farnesylatig& and 

IS palmitoylation resulted in increased levels of AKT kinase activity. AKT kinase is a 
known downstream effector of PI 3-kinase. . v?p : 

In addition, in vitro stimulation of Akt by pi 10*-generated PI3,4P2 was 7^ 
demonstrated The PI 3-kinase substrates PI, PI4P and PI4,5P2 in PC vesicles were 
phosphorylated by purified pi 10* protein in the presence of ATP (with 2500 cpm/pmol 

20 [g- 32 P]ATP) to obtain PI3P, PI3,4P2 and PI3,4,5P3- In order to monitor the production 
of phosphatidylinositides by pi 10* a fraction of each reaction was subjected to : V 
phospholipid extraction. The lipids were resolved by thin-layer chromatography (TLC) 
and visualized by autoradiography. The amount of labeled phospholipid products was 
quantitated by scraping the respective areas of the TLC plate and counting in a ° 

25 scintillation counter. The in vitro assay for activation of Akt by FD,4P2. was conducted 
using the phospholipid vesicles prepared as just described, mixed with Akt for lO min. 
Subsequently, the kinase activity of Akt was assayed as described above. The Mowing 
reaction conditions were tested: Akt was incubated with reaction buffer alone, with 
reaction buffer containing PI, PI4P or PI4,5P2 phospholipid vesicles, and with PI, PI4P 

30 or PI4,5P2 phospholipid vesicles that had been treated with pi 10*; 1 and 4 jiM of each 
PI 3-kinase product were tested, respectively. As additional controls, Akt was incubated 
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inmi *edvesi d es.*enpMO' Ak.^incu^^pUO. pro*„in 

^ U pidc 0 n«^o„^m^ned B app ro x ta «cl, 1000 uM TtaT 
phosphor inositol pbosphoUp* ^ pxs-" « - — °< ™ P « 
PI3 4P2 (80 to 100 uM) and PC (800 to 900 uM). ReWive «ou*s of Ak. were 
Jy^byiruntunoblotung. An^ofcachimnumocomplcc^^y^m 
-Alh^ levels by We^btotU^thatUi-Ak, .embody. Aktktnase 
!I i Ue SW e re ,u m «i B .edu S u.g.M..«o.»U M g«r(Bio I Ud> The increase in Akt 
^ active is expressed re.a«v« » -p.es confcini* 

We dettnnteed that the PH domaia at fl* Akt N-tenmnus ts essenual for PB.4P2 
^ stimuUrfon. 1. has previous,, beenreponed tha, the stimuli the ktnase 
^.f AktbyP. ,-ki^i.vivofedep^.on^PH^n-t.s^N- 

.JL Wede^ed M P.3,4P2^i^^ 
PHdo^byUt^ueutgapo^ 
15 .brogausPn^ediaU^ 

KA 17°, was tested as an additiona. conuol. We incubated ■ Aft Ak, RC25 at* A* 
KAtTOp^withPn^inp**.^ 

, AK^e.tleier.uy.cuv^byr^'^ 

s beeenneactiva^, Thekin^^ _ 

• ^cOS-TeeUsv^obU^ftornthe Arr«ica.T, P eC«. Wrc C.»ectto. m d 
« ^atBT^inDulbecco^WE^n^um— g 

^penicuMSOugWH — 

tell s (1 M. Supers, Texas A&M Univenity, CoUege suuon) were g™ - 

7 medium. te() ^*-^«^» 1W - < *'-' , * ,-ta " te 

supermttantofSPcelUasde^bedpreviousl,. 

n^antM,^^^ 

the. mouse asoi.es fluid conuining nuuine monoclonal anti-Myc anubody was 

IP 
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prepared Rabbit polyclonal anti-Akt/RAC-PK antibody is also ccmuncrciaUy available. 
Rabbit polyclonal anti-SHC antiserum has been described. 

The mammalian expression vectors for the HA-tagged kinase Akt/RAC-PK and 
Akt RC25 were described previously The cDNA for Akt/Rac KA179 was cloned ihto the 
same expression vector as wt Akt ' ' : Mt~ 

To generate pi 10*«6His the C-terminal end of pi 10 was modified using pjrimer 
6-His -sense. (5' GC GCC CAC CAT CAT CAC CAC CAT TGA GTC GAC G)SEQ 
ID NO.l and primer 6His -antisense- (9 GA TCC GTC GAC TCA ATG GTGJBRG 
ATG ATG GTG G) SEQ ID NO. 2 flanked by restriction sites for Kas I and&SSl. 
The 6His coding region was attached in frame to the pi 1 0 C-terminus by ligati^pw 
. annealed oligonucleotide via Kas I- Bam HI ends into pCG-pl 10«H. This extcnd«i the 
pi 10 C-terrninal end by a sequence encoding amino-acids DLGGA (SEQ ID NCjS) as a 
hinge region (overlapping lection sites SacVEcl\36U and KasVNarl), whichjatecedes 
ue codmg region for die ^ 

site. For expression in insect cells the coding region for pi 10*«6His was reconsSuted 
using pJi0-6His and DNA fragments from previously described pi 1 0* constiucWand 
cloned into baculovirus repression vector pVU'392 (available from Phaimuigen) via 
Xbal'BwnlU ends. •' : ' v S^fe 

pi 10*«6His was transiently expressed in insect cells Sf9 cells were infected with 
recombinant baculovirus directing we expression of pi 1 0*-6His protein. The cep were 
harvested after 50 h by centrifugation at 1000 xg, washed with ice-cold PBS analysed at 
4 ° C m lys ™ 1 * niRa «> ntain i n g 20 ">M Tris (pH 7.5), 137 mM NaCl, 15% (vol/yoj) 
glycerol, 1% (vol/vol) Tjriion X-100, 2-mMEDTA, 2 mM pnenylmemylsidfonyi^,. 
fluoride, 10 mg aprotinin per ml, 20 mM leupeptin, 2 mM benzamidine. LysataTwere 
cleared by centrifugation at M.OOOx g for 5 minutes: The Sf9 cell extract was ldSed on 
8 1 , x 7 Ni-^kting chelating Scpharose FF column equilibrated in buffer Ago mM 
HEPES [A^-KydroxyeuSyl^ acid, pH 7.5], 150 m||NaCl, 

20 mM imidazole [pH 7.5J, 5 mM b^mercaptoethanol, 1 0% [vol/vol] glycerolf^- 
containing 0.5% Triton X-100. The column was washed in buffer A and developed with 
a 20 to 200 mM gradient of imidazole in buffer A. Fractions containing purified^ 
pnO*^Hisrm)tein (100 to 200Wml) were pooled. 

For preparing GST-SIM 1 0 protein the coding region of SIP- 1 1 0 was expressed 
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were lysed as described aoo (phmMci . locaKdto Ne W Jeisey)- 

Alternatively mi- . h/daC-PK/PKB was transient expressed in COS-7 

«„, COS ^(eO^mconf.uen.ona OonpU^- y ^n^ing 

t ^„ ifll coidph^«.-^^» 4 ^ , ; c i ; 2 ^ EOT ^ 2mM 

^-^^L-r21-^S..".— Ce, 

tauamidine. ^^gd Atawepftacuba^ with monoclonal anti-HA antibody 

0.5% (vol/vol) Tnton X-100, ^ w* ^ 

(PO^phos^Hh^lanu^W^' n 50 mM HEPES (pH 7.2) 

a bad, amtcamr.T^*^ of dipaUnit.yl.ted 

.,,..„ The lipids were incubated with pliu °" P 
punfiedpllO.^hP um . j^csoOcprn/pmoO^arnM 

dithiothreitol. A typical reaction mix contained 80 substrates were 

con ve^in»3'phospW^P^* 1 ''» ,S,,,te - * 
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converted into 3' phosphorylateo pnos 
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employed were not optimal for the PI 3-kinase reaction, but allowed for maximal Akt 
stimulation in the subsequent protein kinase assay (see below). The phospholipid s 
reactions were either used directly in the Akt kinase assay or were stopped by the^ 
addition of an equal volume of 1 M HC1 and extracted using twice the volume of £t 

5 methanol/chloroform (1:1). Extracted lipids were dried and stored at -75°C or sonicated 
in reaction buffer and subjected to treatment with immobilized preparations of SIP 
proteins on glutathione- or immunobeads. The generation/conversion of 3* ^ 
phosphorylated phosphatidylinositides was monitored using a fraction of the respective 
reactions. Reaction products were extracted and separated by thin layer chromatography 

10 (TLC) using H2O, acetic acid, methanol, acetone and chloroform(14:24:26;30:80 
[vol/vol]) The production of PI3P, PD,4P2 and PI3A5P3 was visualized by " 25T 
autoradiography. PI, Pl4P WPI4,5P2 in the reaction mixture served as internal 
standards and were visualized after staining in iodine-vapor. Labeled phospholipid 
products were quantitated by scraping the respective areas of the TLC plate and counting 

15 in a scintillation counter. The amounts of PI3P, PI3,4P2 and PI3,4,5P3 produced were 

calculated based on the specific activity of the [g-^2p] ATP used. 

The assay for the in vitro protein kinase activity of Akt was conducted with 
immobilized Akt that was preincubated with or without mixed phospholipid vesicles (20 
til) for 10 min and subjected to an in vitro protein kinase assay using histone H2B 

20 (Boehringer Mannheim) as a substrate. The reactions were carried out in 30 pi at 22°C 
for 20 min in the presence of 5 ^Ci [g-^2p]ATP. The reactions were stopped by the 
addition of 8 \i\ LSmmli- sample buffer and 22 |il of each reaction mixture were analyzed 
by 16% SDS-PAGE. The relative amounts of incorporated radioactivity were visualized 
by autoradiography and quantitated using a Molecular Imager System (BioRad). 

25 Immunoprecipitates were boiled in LSmmli-sample buffer, separated by SDS- 

PAGE and transferred to nitrocellulose-filters (Schleicher & Schuell). Filters wiSs 
blocked in TBST buffer (10 mM f ris-HCl [pH 7.5], 150 mM NaCl, 0.05% (voi/vpl) 
Tween 20, 0.5% (wt/vol) sodium 1 azide) containing 5% (wt/vol) dried milk. Antibodies 
were added in TBST at appropriate dilutions. Bound antibody was detected with anti- 

30 mouse or anti-rabbit conjugated to alkaline phosphatase (Promega, located in Madison, 
WI) in TBST, washed, and developed with nitroblue tetrazolium and 5-bn>mo-4-chloro- 
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3-indolyl phosphate (Promega). 

Example 7 

Mrthnd of Tre ««inp Cell Death From Trauma 
A patient is diagnosed with having had a strokfe. The site of the affected tissue 
in the brain is determined. A gene therapy vehicle is prepared with a nonviral vector 
and a polynucleotide sequence having a pllO subunit sequence, an iSH2 sequence, a 
linker sequence and a myristoylation encoding sequence for membrane attachment. 
This sequence is delivered in the vehicle to the patient at the site of brain tissue 
damage. Cell death from the trauma is thereby reduced. 

Examples 

M^thnri of Trca^ p Death From Heart Attack Trauma 
A patient is diagnosed with having had a heart attack, and an ischemic lesion in 
the heart is identified. Vesicles containing r phosnhorylated inositol phospholipids 
made in cells expressing membrane targeted pi 10* polynucleotides are administered by 
catheter to the region of the heart having the ischemic lesion, thereby restoring some of 
the cells from loss due to the trauma. 

Example 9 

nf Promot e Artivtion of Insulin Sipnaling Pathway 
A patient having reduced responsiveness to insulin in cells that would normally 
be expected to be responsTve to insdin where glucose has been released, for example, 
after a meal, is administered a viral-based gene therapy vehicle having a polynucleotide 
of the invention systemically, in the portal vein, targeting the liver organ. The gene 
therapy vehicle provides expression in cells of a membrane targeted PI 3-kinase mutant 
of the invention, providing activation of insulin signaling in the non-responsive cells, or 
cell exhibiting a reduced responsiveness to insulin. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: CHIRON CORPORATION. 

(ii) TITLE OF INVENTION: PI 3-KINASE MUTANTS AND USES 
THEREFORE 

jiii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE: CHIRON CORPORATION 

(B) STREET: 4560 Horton Street 

(C) CITY: EMERYVILLE 

(D) STATE: CA 

(E) COUNTRY: USA 
.(F) ZIP: 94608 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: - IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version 11.30 

(Vi) CURRENT APPLICATION /DATA: 

(A) APPLICATION NUMBER: Unassigned 

(B) FILING DATE: Even date herewith 

(C) CLASSIFICATION: 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: GUTH, Joseph H 

(B) REGISTRATION NUMBER: 31,261 

(C) REFERENCE/DOCKET NUMBER: 1201.100 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 510-923-3888 

(B) TELEFAX: 510-655*3542 

(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH r* 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

GCGCCCACCA TCATCACCAC CATTGAGTCG ACG 
33 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
<ii) MOLECULE TYPE: cDNA 

xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
GATCCGTCGA CTCAATGGTG GTGATGATGG TGG 
33 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

Ui! SEQUENCE DESCRIPTION : SEQ ID NO:3: 
Asp Leu Gly Gly Ala 
1 * 

(2> INFORMATION FOR SEQ ID NO: 4: 

U> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS r single 

(D) TOPOLOGY: linear. .. 

(ii) MOLECULE TYPE: cDNA _ _ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4. 
CGTCGCCATT TCTAAAGATG ATCTC : 
25 . ' \. 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

50 

(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

52 
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(2) INFORMATION FOR SEQ ID NO: 7: ;*Jj| 

(i) SEQUENCE CHARACTERISTICS: \! 

<A) LENGTH: 10 amino acids -i^ 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single ^ 

(D) TOPOLOGY: linear ..-M 
(ii) MOLECULE TYPE: peptide ^ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Glu Gin Lys Leu He Ser Glu Glu Asp Leu ^5 
15 10 

(2) INFORMATION FOR SEQ ID NO: 8: ^ 

(i) SEQUENCE CHARACTERISTICS: 7" . 

(A) LENGTH: 90 base pairs "~ 
(8) TYPE: nucleic acid 

(C) STRANDEDNESS: single I: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA :7| 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 7^~ 
GCATTCTCAC ATGATCACGC ACTTGGTCTT GGACTTCTTC TTCTTCTTTT TGCCATCTTT- 

60 r^r 

GGAGGCGCCG AGCTCGTTCA AAGCATCCTG # 

90 — 

(2) INFORMATION FOR SEQ ID NO: 9: if: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81, base pairs ^ 

(B) TYPE: nucleic acid ™== 

(C) STRANDEDNESS: single ; ; r 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 7 "7 ^£ 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: ™ : 

GGATCCTCAG CTCAGCACGC ACTTGCAGCT CATGCAGCCG GGGCCGCTGC TGGCGCCCCc3l 

60 , r 

GAGCTCGTTC AAAGCATGCT G '7 ' 7 

8i .. : ;; V t r ■ 3" 

(2) INFORMATION FOR SEQ ID NO: 10::, 
(i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 18 base pairs ' VzZ 

(B) , TYPE :^nucleic acid ... • .. - . 77 
(C> STRANDEDNESS :7 single ; 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 
CTGAGCAAGA AGCTTTGG : . 

18 ' * 

(2) INFORMATION FOR SEQ ID NO: 11 : / 7 - ™ — 

(i) SEQUENCE CHARACTERISTICS: 7 1 

(A) LENGTH: 4 6 base pairs7 f 7 

(B) TYPE : : 'nucleic acid : 7\ i 

(C) STRANDEDNESS: single^ 

(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TATGTCCCCC GCGCTGGCTG GGGTCCTTGG TCGTCTTGCT GCTCCC 
46 
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U) /T* TMirrrH- 51 base pair 



v#*»~ 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 



51 
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AVBAT^SQLAIMEDIS: jJgL 

1. A polynucleotide sequence comprising: . 

(a) a first nucleotide sequence comprising a sequence selected from the' group 
consisting of: _ ' ' 

(i) a sequence encoding the pi 10 subunit of PI 3-kinase protein, and ^ 

(ii) a sequence encoding a derivative or mutant of (i) having a Si 
single or multiple nucleotide substitution, deletion or addition, said derivative or mutant 
having an activity of the pi 10 subunit of PI 3-kinase protein, and 

(b) a second nucleotide sequence comprising a sequence encoding a cell 
membrane targeting sequence, said second nucleotide sequence being attached tojhe 5' 
or 3' end of said first nucleotide sequence. 

2. A polynucleotide sequence of claim 1, wherein said first nucleotide sequence 
further comprises an additional sequence selected from the group consisting of : 

(i) a sequence encoding a portion of the p85 subunit of PI 3-kinase proteip that is 
capable of binding the pi 10 subunit of PI 3-kinase protein, and 

(ii) a sequence encoding a derivative or mutant of (i) having a single oat multiple 
nucleotide substitution, deletion or addition, said derivative or mutant being capable of 
binding the pi 10 subunit of PI 3-kinase. gst 

3. A polynucleotide sequence of claim 2, wherein said additional sequence 
comprises the iSH2 domain of the p85 subunit of PI 3-kinase protein. ^v; 

4. A polynucleotide sequence of claim 1 wherein said cell membrane targeting 
sequence is selected from the group consisting of 

(a) a myristoylation cell membrane targeting sequence, and ^ 

(b) farnesylation and palmitoylation cell membrane targeting sequences. 
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5 As equer^ofcla^ 

™L pi 10* and said second nucleotide sequence compnses a sequence 
sequence encoding pi 10 anasa. ^ 

encoding a cell membrane targeting sequence selected from g 

(a) a myristoylation sequence and 

(b) famesylation and palmitoylation sequences. 

6 A polynucleotide sequence comprising: 

Oil a se<nrace encode . tarndw or mutatf of 0) h»™g 
(b) a second nucleotide sequence •"WW* « ■»*«» seWaM 

^ « a^^^smc^or^pss^orPn 

^^^U^of^^pUO^""'^^^ 
O^^encodtag.^v.or^oHOb.v.ng. 

(c) . ^ «K=leotidc sc^ ^ng . «U mem W urging *, 
.naohed .0 5' or 3' end of said firs, ftsion sequence. 
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7. A polynucleotide sequence of claim 6 wherein said cell membrane toting 
sequence comprises a sequence selected from the group consisting of: '^55- 

(a) a myristoylation cell membrane targeting sequence and v^H^ 

(b) farnesylation and palmitoyiation cell membrane targeting sequences. 

8. A cell transformed with said polynucleotide sequence of claim 1. 

9. A cell transformed with said polynucleotide sequence of claim 6. 



1 0. A transgenic fly comprising a transgene having a polynucleotide sequence of 
claim 6 under regulatory control of an eye specific promoter, wherein said fly exhibits a 
phenotypic change in eye morphology from normal to rough eye morphology. ; ;jp'" 

1 1 . A method of screening for an inhibitor of PI 3-kinase comprising: ^ 

(a) administering a candidate inhibitor to a transgenic fly of claim 1 0 

(b) observing any re vers ion in phenotype to normal eye morphology in said fly, 
said reversion being indicative of PI 3-kinase inhibitor activity. # 

12. A method of reducing cell death due to trauma, comprising administering to a 
mammalian patient a viral or non-vira! vector comprising a polynucleotide sequence of 
claim 1. 11& 

13. A method of seducing cell death due to trauma, comprising administering, to a 
mamrnalian patient a viral or non-viral vector comprising a polynucleotide sequence of 
claim 6. 

1 4. A method of making a 3' phosphorylated inositol phospholipid comprising: 

(a) contacting a purified pi 10 or pi 10* polypeptide with a vesicle including a PI 
3-kinase substrate selected from the group consisting of phosphatidylinositol (PI)* 
phosphatidyl 4-phosphate (PI4P) and phosphatidylinositol 4,5 bisphosphate (P14,5iP2), 
and 

(b) isolating a 3' phosphorylated inositol phospholipid. 
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FURTHER INFORMATION CONTINUED FROM PCTASA/ 210 



Polynucleotide sequence comprising a first sequence consisting of at least a pi 10 subunit 
of PI 3-kina«=e protein and a second sequence comprising a sequence encoding a ceil 
membrane targeting sequence: a eel! transformed with said polynudeot.de sequence: a 
transgenic fly having said sequence: method of screening for an inhibition of PI 3-k m«s=. 
method of reducing cell death due to trauma; a method of making a 3" pho* ,hc ,rylated 
inositol phoscholipid by the use of said polynucleotide sequence; a method of activat n , a r. 
enzyme effector of PI 3-kinase: a method of promoting activation in a mammalian p«tt=nt. 

Method of making a 3' phosphorylated inositol phospholipid 

3. Claim 21 ■ - " ■■; ■ 

Method of reducing cell ceath 



